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ABSTRACT: EMERGENCE AND CONTROL OF HORSEWEED (CONYZA 
CANADENSIS (L.) CRONQ) 

Joseph D. Bolte Dr. Reid J. Smeda, Thesis Supervisor 

Abstract 

Horseweed (Conyza canadensis (L). Cronq.) traditionally has been viewed as a winter annual. 

However, farmers report increased problems managing horseweed that emerges in the spring. In the fall 

of 2013 and 2014, emergence trials were established in Missouri to document fall and spring emergence 

of 12 different horseweed biotypes. In 2013 to 2014, averaged across populations, 31.8 and 68.7% of total 

emergence occurred in the spring at Columbia and Portageville in untreated sub-plots, respectively. In 

2014 to 2015, 95.9 and 51.8% of the total emergence occurred in the spring at Columbia and Portageville, 

respectively. In 2013 and 2014, studies were conducted to determine the effectiveness of horseweed 

control with different herbicide modes of action. Herbicides such as 2,4-D, dicamba, and saflufenacil 

resulted in up to 100% control by 35 days after treatment (DAT). Cloransulam plus sulfentrazone, 

glufosinate and paraquat resulted in up to 92, 91, and 91% control, respectively. Flumioxazin, metribuzin, 

linuron, glyphosate never resulted in greater than 70% control. In the summer of 2013 and 2014, POST 

trials were conducted to determine the effectiveness of 2,4-D and dicamba on 10 to 20 cm; 20 to 30 cm; 

and 30 to 40 cm horseweed. Plants were less responsive at larger sizes but dicamba still resulted in 

greater control of horseweed versus 2,4-D. Dicamba resulted in a 10.6, 18.5 and 20.4% increase in control 

compared to 2,4-D on 10 to 20 cm; 20 to 30 cm; and 30 to 40 cm horseweed, respectively. Because 

horseweed resistance to herbicides is a growing concern, 40 horseweed biotypes were treated with an I50 

dose of dicamba. Means across populations ranged from 45.7 to 83.5% control by 21 DAT. Of the 40 

populations, 20 populations had outliers below 50% control. POST applications of growth regulators can 

result in effective control of horseweed, but shorter plants, should be targeted. Sufficient rates of 

dicamba should be applied to reduce horseweed survival, preventing a shift in a population’s sensitivity to 

dicamba. 
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CHAPTER 1: LITERATURE REVIEW 

Introduction 

Horseweed (Conyza canadensis (L.) Cronq.) is a member of the Asteraceae family 

and is native to North America (Weaver 2001; USDA 2015b). Plants are found commonly 

in reduced tillage (RT) and no-tilled (NT) cropping systems, as well as pastures, along 

roadsides and other non-crop areas (Loux et al. 2006). With reduced soil disturbance, 

small-seeded horseweed establishment is favorable. Conventional tillage practices are 

often used in corn (Zea mays L.) production systems, reducing infestations of horseweed 

(Gibson et al. 2006).  

Horseweed is competitive in agronomic crops. Season-long competition by 

horseweed reduced soybean (Glycine max (L.) Merr.) yields 73 and 82% over a two year 

period (Bruce and Kells 1990). In corn, Teasdale (1995) reported season-long 

competition by horseweed reduced yields up to 50%. 

Although seedlings emerge primarily in the fall, horseweed has exhibited 

germination patterns as both a winter and summer annual. Buhler and Owen (1997) 

observed fall emergence of horseweed at densities of 78 to 151 plants m2; spring 

emergence also occurred and accounted for 5 to 32% of the total population.  

Management of horseweed should consider differential emergence timings. The 

development of plants resistant to glyphosate as well as other herbicides (Vencill et al. 

2012) complicates management. In 2000, glyphosate-resistant (GR) horseweed was first 

discovered in Delaware, with plants surviving two applications of 1.6 kg ae ha-1 of 
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glyphosate (VanGessel 2001); the labeled rate was 0.84 kg ae ha-1 (CDMS 2015). Heap 

(2015) stated that GR horseweed was first reported in Missouri in 2002. Currently, 24 

states and 11 countries have reported GR horseweed. In addition, Heap (2015) also 

stated horseweed has developed resistance to other herbicide modes of action 

including: bipyridyliums, imidazolinone, pyrimidinylthioobenzoic acid, sulfonylureas, 

sulfonylaminocarbonyl-triazolinones, triazines, triazinone, trazolopyrimidine, and ureas.   

As a result of glyphosate-resistance, herbicide manufacturers have focused on 

the use of growth regulators to manage horseweed. To facilitate this, herbicide 

manufacturers have integrated genes into soybean that induce rapid metabolism of 

growth regulators (Behrens 2007; ISSA 2015). Monsanto has developed soybean 

resistant to the herbicide dicamba, which will be known as Roundup Ready 2 Xtend™ 

(Davis 2012; ISSA 2015). This trait allows for application of dicamba pre-plant and POST 

(Behrens et al. 2007) with no soybean injury (Vink et al. 2012). Likewise, soybean 

resistant to 2,4-D are currently under development by Dow AgroSciences and will be 

sold under the Enlist™ brand. (Davis 2012; ISSA 2015). This trait permits application of 

2,4-D preplant and POST in soybean (Wright et al. 2010). Minimal soybean injury occurs 

following application of 2,4-D and glufosinate on appropriate plants (Craigmyle et al. 

2013).  

Dicamba and 2,4-D have been used in the agricultural industry for many years, 

providing control of a broad range of weeds including horseweed. Dicamba was 

introduced over 50 years ago (Cao et al. 2011) and 2,4-D was introduced in the 1940’s 

(Troyer 2001). Today, 2,4-D is still used for control of annual, biennial and perennial 
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broadleaf weeds with minimum impact on grasses (Nice et al. 2004). Dicamba and 2,4-D 

provide excellent control of horseweed in reduced till and conventional systems 

(Johnson et al. 2012); this will facilitate control options for GR horseweed. When the 

maximum label application of dicamba or 2,4-D was applied before plants reached 

greater than 30 cm in height, greater than 90% visual control of GR horseweed was 

achieved by 28 days after treatment (DAT) (Kruger et al. 2010a). 

The use of multiple herbicide modes of action in burndown applications can 

result in effective control of horseweed. In MS, Eubank et al. (2008) found glufosinate 

tank mixed with sulfentrazone and chlorimuron resulted in 95 and 94% control 4 weeks 

after treatment (WAT) in 2005 and 2006, respectively. Glufosinate tank mixed with 

linuron resulted in 81 and 93% control by 4 WAT in 2005 and 2006, respectively. 

Characteristics favoring horseweed 

Horseweed is an early succession species. In abandoned areas, Keever (1950) 

reported that the dominant weed in the first year of succession was horseweed, with 

lower densities of aster (Aster pilosus (Willd.)), broomsedge (Andropogon virginicus (L.)), 

and ragweed (Ambrosia elatior (L.)). In the second year aster became dominant. 

Horseweed is troublesome in disturbed areas such as soybean fields, because 

seeds can be moved easily by wind and become established. In a crop consultant survey 

conducted in Arkansas, Louisiana, Mississippi and Tennessee, horseweed was listed as 

the fourth most problematic weed out of 100 surveys (Riar et al. 2013). Crop rotation 

can influence the severity of horseweed. In a survey by Gibson et al. (2006), Indiana 

farmers ranked a list of 103 reported weeds and selected the top three problematic 
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species for winter annual, summer annual and perennial weeds. Results were reported 

for three crop rotations soybean-corn (SC), corn-corn (CC) and soybean-soybean (SS). 

Horseweed was identified as the most problematic winter annual by 22.8, 25.2 and 

11.5% of growers for the SC, SS and CC rotations, respectively. Horseweed was 

identified as the most problematic summer annual, by 6.8, 12.9 and 3.3% of growers for 

the SC, SS and CC rotations, respectively.  

Sequential cropping practices influence the density of horseweed. Following 

soybean, horseweed densities were reduced from 70 to 17 plants m-2 in corn (Main et 

al. 2006). In IN, Davis et al. (2009) characterized horseweed escapes as plants that 

extended above the crop canopy. Escapes increased with an SS rotation compared to 

corn-soybean (CS), and was more prevalent in no-till fields as well as fields that had 

greater than 30% crop residue.  

Biology of Horseweed 

Introduction 

Horseweed, is a member of the Conyza genus in the Asteraceae family. The 

Asteraceae family contains 480 genera and 4,867 taxa with the Conyza genus is 

comprised of six species and nine taxa. The six Conyza species include: C. bonariensis (L.) 

Cronquist; C. canadensis; C. floribunda Kuth; C. laevigata (L. C. Rich) Pruski; C. 

primulifolia (Lam.) cuatrez; and C. ramosissima (Lam) Cuatrec & Lourteig; three 

subspecies of canadensis are C. canadensis, canadensis; C. canadensis, qlabrata; and C. 

canadensis, pusilla (USDA 2015b).  
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Once horseweed seed is deposited onto areas favorable for germination, small 

cotyledons are present within a week. Cotyledons are smooth with no veins present. 

Plants initially form rosettes with toothed serrations and a long taproot (Weaver 2001). 

After winter vernalization, plants bolt. For bolting plants, leaves are linear and alternate 

with toothed serrations. All leaves are sparsely to heavily covered with hairs on both 

surfaces. Mature plant heights can reach up to 2 m (Weaver 2001). Currently, no 

documentation has been found regarding seed dormancy. 

The formation of a horseweed rosette is dependent upon emergence timing. Fall 

emerging horseweed overwinters as a rosette and bolts the following spring (Weaver 

2001). Plants that emerge in the spring rapidly bolt and initiate reproduction (Davis and 

Johnson 2008). 

Germination 

Germination timing of horseweed is influenced by environmental factors. Under 

field conditions, horseweed seed lacks dormancy and can germinate immediately upon 

contact with moist soil (Keever 1950). Nandula et al. (2006) reported horseweed 

germination at a day/night air temperature of 18/12 C. However, no horseweed 

germination occurred at an air temperature of 12/6 C. Germination increased from 15 

to 60% as air temperature increased from 18/12 C to 24/20 C, respectively. Above 24 C, 

germination began to decline, only reaching 13% at an air temperature of 36/30 C. Light 

is also important; with germination declining from 61 to 14% with 13 hours of light 

versus no light, respectively. 
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A strong determinant of horseweed germination is seed depth in the soil. In 10 

by 10 cm pots, Nandula et al. (2006) reported 113 plants emerged 14 days after planting 

for seed placed on the soil surface. At a depth of only 0.25 cm, only five seedlings were 

observed, while no emergence occurred at depths of 0.5 cm or deeper.  

Similar to depth in the soil, the amount and type of surface residue can influence 

horseweed germination. For example, compared to no residue or soybean residue, 

horseweed emergence was reduced by 77% following corn or cotton (Gossyppium 

hirstum (L.)) (Main et al. 2006). The presence of living plants, such as soybean, influence 

horseweed density and reduced in-crop horseweed densities by 60% (Davis and Johnson 

2008).  

Combining all variables, horseweed germination can be favorable in both fall and 

spring. Fall emerging horseweed contributed to greater than 99% of the total seed 

produced by mature plants (Regehr and Bazzaz 1979). In Canada, Tozzi and Acker (2014) 

reported fall emergence to be greater versus spring emergence. Peak fall emergence 

occurred from August 27 to September 9, with a density of 112 plants per 0.25 m2. 

Comparatively, peak emergence in the spring occurred from May 14 to May 27 with 

10.4 plants per 0.25 m2. Keever (1950) reported horseweed germination can occur in 

November in NC, however many young plants died over the winter. No seedling 

germination occurred in December; seeds spread in December germinated the following 

spring. In TN, Main et al. (2006) reported emergence of horseweed in both the fall 

(September and October) and spring (April until June). Recently, research suggests a 

greater shift toward emergence in the spring. In IN, Davis and Johnson (2008) found no 
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emergence of horseweed in the fall of 2003. Also, fall emerging horseweed in 2004 

contributed to 8% of the total population by May of 2005, with plant densities reaching 

798 plants m-2.   

The timing of horseweed germination determines the potential growth and 

competitiveness of plants. Regehr and Bazzaz (1976) reported winter annuals 

established in the fall grew more rapidly than summer annuals initially emerging in the 

spring, and resulted in a competitive advantage for winter annuals. Plants emerging in 

the fall versus emerging in the presence of a crop have an advantage due to lack of 

shading by a crop.  

One consequence of fall emergence for horseweed is winter kill. In IA and MN, 

Buhler and Owen (1997) reported 59 to 91% of fall emerged plants survived the winter 

months. Winter survival of horseweed depends upon rosette size in the fall. In IN, Davis 

and Johnson (2008) reported no rosettes greater than 9 cm survived until spring, while 

the survival rate for smaller rosettes (1 to 6 cm) was 24%. This contradicts Regehr and 

Bazzaz (1979) who stated winter kill increased with smaller rosette sizes. Upheaving, 

defined as “mechanical upheaval caused from freezing soil” (Davis and Johnson 2008), 

can be quite severe in cold moist winters, influencing the survival of horseweed 

rosettes. Upheaving during the winter weakens the rosette and leads to mortality 

(Regehr and Bazzaz 1979). 

Seed Production 

Horseweed flowering initiates in August or late summer (Tozzi and Acker 2014). 

Horseweed pollination occurs predominantly from self-pollination because the pollen is 
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released before the capitula is fully open (Loux et al. 2006). Outcrossing accounted for 

up to 14.5% of seed production.  

Seeds are yellow, tapered in shape, and have an achene that measures one 

millimeter in length with ribbed margins (Figure 1.1). Seeds have a pappus which is 

white to tan in color, and is two to three millimeters in length (Loux et al. 2006). When 

the pappus is removed from the seed, the embryo weight accounts for 85% of the total 

seed weight. Individual seed weight generally does not exceed 0.69 mg, with maximum 

seed size reached six weeks after pollination (Fenner 1983).  

 

Figure 1.1. Horseweed seed collected fall of 2014. 

Horseweed seed production is often related to plant height, as taller plants 

exhibit more extensive branching and therefore have more flowers. A horseweed plant 

that reaches 1.5 m in height is capable of producing 230,000 seeds (Weaver 2001). In IL, 

Regehr and Bazzaz (1979) found 2 m tall plants produced approximately 158,000 seeds 
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per plant, while 0.4 m plant produced only about 13,000 seeds. Plants less than 0.4 m in 

heights, produced approximately 7.5 seeds per gram of dry weight versus 1.75 seeds per 

gram dry weight for 2 m plants.  

Capitula production is also influenced by emergence timing. Over a three year 

period, plants emerging from August 26 to September 8 versus October 20 to November 

3 resulted in 59 % more capitula per plant the following year (Tozzi and Acker 2014). 

Plants emerging from April 9 to April 22 resulted in 54% capitula per plant compared to 

seedlings emerging from June 4 to 17. Differences were likely related to variable plant 

height near floral initiation. 

Horseweed seed production can also be affected by seedling density. In cotton, 

Steckel and Gwathmey (2009) examined horseweed seed production at lower (5 to 10 

plants m-2) versus higher (15 to 25 plants m-2) densities. Overall seed production was 

greater at higher densities: 15, 20 and 25 plants m-2 resulted in 133,500, 148,000, and 

145,000 seeds ha-1 respectively. For 5, 7, and 10 plants m-2, total seed production was 

90,000, 80,000, and 94,000 seeds ha-1, respectively.    

The timing for horseweed flowering varies with emergence timing and appears 

unrelated to daylength. Tozzi and Acker (2014) stated plants emerging from August 26 

to September 8 versus October 20 to November 3 began flowering at 34.5 and 38.4 

weeks, respectively. For plants emerging from April 9 to April 22 versus June 4 to June 

17 plants flowered at 35 and 38.6 weeks, respectively.  

Horseweed seed spread is facilitated by wind. In standing corn, Regehr and 

Bazzaz (1979) reported 12,500 seeds could be found 6 meters from a seed source while 
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126 seeds per m² were found 122 meters downwind from the seed source. Greater seed 

spread may occur if horseweed plants extend beyond the crop canopy. Seed dispersal 

follows wind direction, but also is influenced by vertical distance above the ground. For 

example, seeds elevated less than 5 m above ground level in agronomic fields or less 

than 50 m above ground level when trees are present are determined to be in the 

Surface Boundary Layer (SBL) (Shields et al. 2006). The Planetary Boundary Layer (PBL), 

defined as 5 m above crop canopy or 50 m above tree canopy had a reduction in 

interference with the SBL. Interference between the SBL and PBL could influence the 

dispersal of the seed. Horseweed seeds in the PBL moved distances up to 145 km with a 

wind of 5 m s-1 versus 550 km when winds exceeded 20 m s-1. (Shields et al. 2006).  

Competiveness of Conyza Spp. 

Horseweed present season-long is competitive in agronomic crops. In soybean, 

yield loss from horseweed competition reduced crop yield by 83 to 93% in the untreated 

control (Byker et al. 2013). Glyphosate alone resulted in 36% control and the poor weed 

control resulted in a yield of only 530 kg ha-1 of cotton lint compared to a lint yield of 1, 

560 kg ha-1 where horseweed control was 97% (Owen et al. 2011). In TN, Steckel and 

Gwathmey (2009) reported a horseweed density of 10 plants m-2 resulted in 

approximately 23% cotton lint yield reduction, while 20 to 25 plants m-2 resulted in a 

46% lint yield reduction. Horseweed interference or competition that occurred from 

cotton emergence to the second node growth stage of cotton did not reduce cotton lint 

yields. However, horseweed competition at the second node growth stage and later 

resulted in a yield loss. Maximum lint yield losses occurred when horseweed was 
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allowed to compete with cotton up to the 12th node, reducing yield 53 to 55%. In corn, 

Ford et al. (2014) reported season-long presence of horseweed at an average density of 

60 plants m-2 resulted in a 92% reduction of grain yield in the untreated control versus a 

weed-free control. 

C. bonariensis is also competitive, impacting both soybean growth and yield. 

Trezzi et al. (2013) found that C. bonariensis decreased the height of “BRS 232” soybean 

from 28.8 to 26.7 cm by 20 days after soybean emergence (DAE). Other cultivars, such 

as “NK 7054 RR”, increased in plant height from 20.3 to 22.8 cm by 20 DAE in the 

presence of C. bonariensis. Trezzi et al. (2013) also determined that the total soybean 

leaf area index (LAI) was reduced an average of 13% for seven different cultivars 

following competition with C. bonariensis. At 35 DAE, soybean leaf dry matter (LDM) 

was reduced up to 68.1 g m-2 for all cultivars. Ultimately, competition resulted in a 34 

and 21% reduction in dry matter of stems and branches by 35 DAE and 119 DAE, 

respectively.  

Several reports indicate negative impacts of Conyza on crop yields. For seven 

soybean cultivars, Trezzi et al. (2013) reported C. bonariensis reduced soybean yield an 

average of 25% at a density of 13.3 m-2, with the greatest reduction up to 35%. In 

sorghum, C. bonariensis reduced yields up to 65 and 96% in 2004 and 2005, respectively 

(Wu et al. 2010). 

Horseweed Management 

The timing of tillage practices strongly influences successful horseweed 

establishment. In corn, Buhler (1992) reported no horseweed emergence during the 
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growing season when performing conventional tillage or chisel plowing in the spring. 

However, horseweed emergence in ridge till and no-till (NT) soils resulted in 5 and 22 

plants m-2, respectively, 56 days after planting. Spring moldboard plowing and minimal 

tillage (MT) (tandem-disced, chisel or sweep type tillage implement) can influence 

horseweed emergence (Kapusta 1979). Over three years under IL conditions, horseweed 

emergence was observed in NT each year, while no emergence was observed with MT 

or moldboard plowing (Kapusta 1979).  

Impacts of tillage on horseweed may be related partially to available soil 

moisture. Horseweed only requires minimal moisture to initiate germination, and in NT 

systems the dew on the soil surface stimulated germination (Main et al. 2006). In IA and 

MN under reduced tillage, horseweed seeds near the soil surface may not have 

adequate moisture to germinate until mid-May; effects are highly variable between 

years (Buhler and Owen 1997). Rain showers from August through October provided 

adequate amounts of soil moisture, increasing germination rates (Regehr and Bazzaz 

1979).  

In addition to tillage, herbicides are often used to manage horseweed. Fall 

applications of herbicides can reduce horseweed establishment as well as other winter 

annuals. In cotton, Owen et al. (2009) reported fall applied trifloxysulfuron and 

flumioxazin plus dicamba, followed by glyphosate alone at planting, resulted in 94 and 

78% control of horseweed, respectively by 190 days after application (DAA). Fall 

applications of residual and non-residual herbicides resulted in 86 and 70% control of 
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horseweed in the spring, respectively. Residual and non-residual herbicides applied in 

the spring resulted in 71 and 58% control of horseweed, respectively. 

In corn production systems, mesotrione and atrazine control small horseweed 

rosettes, protecting crop yields. Armel et al. (2009) reported application of mesotrione 

alone provided up to 80% control of horseweed by 3 WAT. Mesotrione rates of 0.16, 

0.24, and 0.31 kg ai ha-1, resulted in grain yields of 3.4, 5.0, and 5.1 Mg ha-1, respectively, 

versus grain yield of 0.4 Mg ha-1 where horseweed was not controlled. Atrazine alone 

resulted in an average of 25% control of horseweed. Corn yields were reduced by 82 and 

92% in 2000 and 2001, respectively, when atrazine alone was applied versus the tank 

mix of mesotrione, acetochlor and glyphosate. Over a two year period, tank mixing 

mesotrione and atrazine resulted in 88% control of horseweed, and a 92 and 93% 

increase in grain yield in 2000 and 2001, respectively, compared to the untreated 

control. Davis et al. (2010b) reported chlorimuron plus tribenuron applied in the fall on 

small horseweed rosettes reduced densities in the spring by greater than 90% compared 

to fall applied 2,4-D. Application of chlorimuron and tribenuron applied in early spring 

reduced horseweed emergence by 90% compared to spring applied 2,4-D for up to 12 

weeks. 

Incorporating a residual herbicide with a POST herbicide can result in an 

effective burndown with residual control. Mellendorf et al. (2013) reported paraquat 

provided 91% and 85% control of horseweed by 14 and 28 DAT, respectively. 

Horseweed density was reduced from 26 to 3.5 plants m-2. In MS, Eubank et al. (2008) 

found paraquat plus metribuzin resulted in 94 and 79% control of GR horseweed 4 WAT 
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in 2005 and 2006, respectively. Eubank et al. (2008) also reported paraquat plus 

flumioxazin resulted in 48 and 63% control of horseweed in 2005 and 2006, respectively, 

by 4 WAT. Glufosinate tank mixed with flumioxazin resulted in 86 and 88% control of GR 

horseweed in 2005 and 2006, respectively. Mesotrione at a rate of 0.16 kg ai ha-1 

resulted in 73% control of horseweed. After addition of acetochlor plus paraquat, 

control increased to 99% (Armel et al. 2009).  

Glufosinate is another POST herbicide for effective control of horseweed. 

Applied alone as well as tank mixed with 2,4-D or dicamba, Chahal and Johnson (2012) 

reported control with glufosinate was 100%. In TN, 2,4-D or dicamba tank mixed with 

glufosinate resulted in up to 94% control of horseweed by 56 DAA (Steckel et al. 2006). 

In MS, glufosinate tank mixed with 2,4-D or dicamba resulted in up to 97% control 

(Eubank et al. 2008).  

Saflufenacil was recently introduced to improve control of troublesome weeds 

prior to crop planting (Grossmann et al. 2010; Libel et al. 2008). In IL, Mellendorf et al. 

(2013) determined saflufenacil alone at 25 and 125 g ai ha-1 resulted in 80 and 99% 

horseweed control, respectively, by 28 DAT. Addition of glyphosate to saflufenacil 

improved control to 91%. In cotton, saflufenacil applied at 50 g ha-1 resulted in greater 

weed control; lint yield was increased by three-fold for saflufenacil versus glyphosate 

alone (Owen et al. 2011). 

Glyphosate 

Glyphosate is a non-selective, systemic herbicide which only exhibits POST 

activity. Introduced in 1974, glyphosate is currently marketed in over 119 countries 
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(Franz et al. 1997) and exhibits activity on greater than 173 sensitive species, including 

Conyza species (CDMS 2015). Upon introduction of genetically modified crops including 

soybean, widespread adoption led to large areas of production. In addition, glyphosate 

was the primary herbicide used for weed control, with no resulting injury. Glyphosate 

POST in resistant crops also provides a larger window for application compared to other 

POST herbicides on the market (Carpenter and Gianessi 1999). GR soybean allowed 

applications up to R2 stage (flowering) in soybean (CDMS 2015). Today, GR crops 

include: canola (1996), cotton (1997), corn (1998), soybean (1996) and sugarbeet (2007) 

(Green 2009). Prior to development of GR crops, glyphosate was effective as a 

burndown herbicide on horseweed. At a rate of 840 g ha-1 used early preplant, Bruce 

and Kells (1990) reported up to 100% horseweed control by 28 DAT over two years. In 

NC, Wilson and Worsham (1988) determined 1.1 kg ha-1 of glyphosate resulted in 96% 

control of horseweed by 28 DAT. 

Adoption of GR crops as well as crops exhibiting tolerance to other herbicides 

has been very high. Both GR and herbicide-tolerant (HT) crops exhibit little to no injury 

in transformed crops. GR soybean accounts for the majority of HT crops, for example 36 

out of 45 soybean varieties from DuPont Pioneer® are GR soybean (DuPont 2015). In 

2015, 94% of the U.S soybean acreage was HT. Corn that contained both insect resistant 

traits and HT, contributed to 92% of the U.S. corn acreage (USDA 2015a).  

Herbicide Resistance 

The practice of repeatedly using herbicides on weeds leads inevitably to 

selection of resistant weeds. The Weed Science Society of America (WSSA) defines 
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resistance as “the inherited ability of a plant to survive and reproduce following 

exposure to a dose of herbicide normally lethal to a wild type” (WSSA 2015a). 

The introduction of GR crops led to high adoption and frequent glyphosate 

applications. By 2000, approximately 53% of U.S soybean acres were HT (USDA 2015a). 

Young (2006) reported that by 2002, approximately 40% of soybean hectares received 

glyphosate only. The number of active ingredients applied per hectare was reduced 

from 2.5 in 1994 to 1.6 in 2002. In Delaware, repeated use of glyphosate in GR soybean 

led to selection of resistant horseweed. VanGessel (2001) reported the first U.S. case of 

GR horseweed, which occurred within three years of strict continuous use of glyphosate. 

Using field collected seeds, up to 13-fold resistance was found compared to a known 

glyphosate susceptible (GS) population. Only three years later in MS, Koger et al. (2004) 

found GR horseweed with up to 12-fold glyphosate resistance. Horseweed collected 

from TN showed up to 4-fold levels of resistance compared to the GS population (Main 

et al 2004). 

Increased glyphosate use has led to additional reports of GR horseweed in the 

U.S. and elsewhere. The spread of resistance has been facilitated by wind-blown seed 

over large geographies. By 2015, GR horseweed was reported in 24 states (Heap 2015). 

GR horseweed has also been identified in other countries: Brazil, Canada, China, Czech 

Republic, Greece, Italy, Japan, Poland, Portugal and Spain (Heap 2015). Other Conyza 

species such as C. bonariensis and C. sumatrensis, occur in similar geographies as C. 

canadensis, and have also developed resistance to glyphosate (Heap 2015). 
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Horseweed is resistant to herbicides other than glyphosate, such as acetolactate 

synthase (ALS), photosystem I electron diverters, and photosystem II inhibitors, (Heap 

2015). In DE, horseweed plants survived levels of paraquat up to 22-fold greater 

compared to susceptible plants (VanGessel et al. 2006). Using seed collected in IN, 

Zheng et al. (2011) found ALS cross-resistance up to 70-, 40-, 9.1-, and 580-fold for 

cloransulam, chlorimuron, imazethapyr, and bispyribac, respectively. In addition, 

horseweed has also developed resistance to atrazine, chlorsulfuron, linuron, diuron, 

iodosulfuron, metribuzin, metsulfuron, pyrithiobac, rimsulfuron, simazine, 

sulfometuron, thiencarbazone, thifensulfuron and tribenuron (Heap 2015). In all cases, 

resistance followed continuous herbicide usage within or over numerous years. 

Despite long-distance seed dispersal, there appear to be several sites of origins 

for GR resistant biotypes of horseweed in the U.S. and Canada. Using seed collected 

from the U.S. and Canada, Yuan et al. (2010) collected 22 independent GR and GS 

horseweed biotypes. Horseweed biotypes were examined for independent evolution of 

glyphosate resistance or if resistance came from the same ancestry. At least four 

different independent evolution events occurred. 

Heritability of resistance in GR horseweed exhibits incomplete dominance. 

Zelaya et al. (2004) found that horseweed plants which are heterozygous or 

homozygous for resistance would result in progeny exhibiting resistance. Using 

Mendelian genetics, a cross with a GR and GS horseweed would result in a 1:2:1 

(resistance: incomplete resistance: susceptible) ratio of progeny. The allele for 

glyphosate resistance is pollen borne and under field conditions resistance can be 
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spread via outcrossing. Using an 8:1 ratio of GR to GS, resistance as a result of 

outcrossing accounted for 1.1 to 4.0% of the GS progeny under greenhouse conditions 

(Davis et al. 2010a). Both pollen and seed are wind borne, spreading resistance. 

Dicamba and 2,4-D Resistant Crops 

The ongoing spread of GR horseweed necessitates development of additional 

management tools in agronomic crops. While discovery of newer herbicide modes of 

action is lacking, genetic manipulation can result in resistance to herbicides not 

currently used in soybean. Growth regulators mimic plant auxins and are highly effective 

on broadleaf plants (WSSA 2015b). However, transformation of broadleaves endows 

plants to rapidly degrade growth regulator herbicides, resulting in high levels of 

resistance. In soybean, the gene inserted that results in conferring dicamba resistance is 

called dicamba mono-oxygenase enzyme (DMO) (ISSA 2015). Johnson et al. (2010) 

reported that dicamba-resistant soybean resulted in effective POST control of 

horseweed. 

The gene inserted in crops resulting in 2,4-D resistance is called aryloxyalkanoate 

dioxygenase (AAD)-1 (corn) and AAD-12 (soybean) (ISSA 2015). In 2,4-D resistant 

soybean, Wright et al. (2010) found the AAD-1 gene permitted later applications of 2,4-

D in corn (V8) with no injury. Wright et al. (2010) also found soybean with the AAD-12 

gene was resistant to 2,4-D from emergence to V8 growth stage.  

Growth Regulators  

Horseweed is sensitive to POST applications of growth regulators. In MS, Eubank 

et al. (2008) found glyphosate alone resulted in 60 and 65% control of GR horseweed 4 
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WAT in 2005 and 2006, respectively. However addition of 0.84 kg ha-1 2,4-D to 

glyphosate resulted in up to 99% control of horseweed. In corn, at eight weeks after 

initial herbicide application, Ford et al. (2014) revealed a residual herbicide followed by 

two POST applications of 2,4-D resulted in 100% horseweed control compared to a 

residual herbicide alone with 79% control. Glyphosate at 840 g ha-1 plus 280 g ha-1 of 

2,4-D resulted in 100% control of GS horseweed at 6 WAT in IN (Kruger et al. 2010b). 

Horseweed is also sensitive to POST applications of dicamba. Horseweed treated 

with 0.86 kg ha-1of dicamba resulted in 90% control 4 WAT in both 2005 and 2006, 

respectively (Eubank et al. 2008). Johnson et al. (2010) reported glyphosate plus 

dicamba versus glyphosate alone increased control of GR horseweed from 85 to 98%. In 

dicamba-resistant soybean, Byker et al. (2013) reported dicamba plus glyphosate 

resulted in up to 100% control of GR horseweed compared to glyphosate alone at 77% 

control.  

Sensitivity to growth regulators can vary within a horseweed population. In AL, 

Flessner et al. (2015) reported the rate of dicamba that resulted in 50% control ranged 

between 50 to 150 g ae ha-1 when dicamba was applied alone. In NE, Crespo et al. 

(2013) found the dicamba dose resulting in 90% control ranged from 205 to 638 g ae   

ha-1. Across multiple horseweed populations, Kruger et al. (2008) reported up to a 1.6-

fold difference in the I50 dose of 2,4-D. 

The height of horseweed at the time of application influences the effectiveness 

of growth regulators. In cotton, Keeling et al. (1989) found a burndown treatment of 0.6 

kg ha-1 of 2,4-D ester resulted in 97% control of horseweed rosettes. Plants ranging from 
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10 to 15 cm in height exhibited up to 63% control following treatment with 0.6 kg ha-1 of 

2,4-D ester. Similarly, 100% control resulted from the use of 2.2 kg ha-1 of 2,4-D ester. 

From rosette to 10-15 cm tall plants, horseweed response to dicamba was less variable 

(Keeling et al. 1989). In cotton, Everitt and Keeling (2007) reported control of 3 to 8 cm 

horseweed was 92 and 95% with 0.56 and 1.12 kg ha-1 2,4-D, respectively. For taller 

plants (25 to 46 cm), control was reduced to 73-83% by 28 DAT. In this same study, 

dicamba at 0.14 and 0.28 kg ha-1 on 3 to 8 cm horseweed resulted in 93 and 98% 

control, respectively. As horseweed increased from 25 to 46 cm in height, control 

declined to 82%. 

The success of growth regulators for managing horseweed in dicamba and 2,4-D-

tolerant crops will depend on integrating herbicide modes of action and judicial use of 

residual herbicides. Kruger et al. (2010b) reported one IN horseweed plant survived 560 

g ha-1 of 2,4-D and went on to produce 1,940 seeds. Proper timing and elimination of 

potential surviving plants will be important to avoid repeating errors made with the 

overuse of glyphosate. 

Objectives and Justification 

This thesis research is divided into three parts: 

A. Herbicide efficacy 

Justification: Response of horseweed to both dicamba and 2,4-D at different plant 

heights has not been well documented on horseweed. Understanding the influence 

of horseweed plant heights to growth regulators may reduce the likelihood of 

undesirable escapes. With the pending release of dicamba and 2,4-D tolerant 
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soybean and corn, little research has been done on POST control of horseweed, 

especially at plant heights >10 cm (target weed height for many POST herbicides). 

Additional research is needed to simulate POST in-crop applications of growth 

regulators at different horseweed heights and herbicide rates. 

Also, additional research is needed for burndown herbicides targeting horseweed 

prior to planting. Burndown applications with multiple modes of actions may reduce 

horseweed densities prior to planting agronomic crops and softens selection 

pressure on growth regulators under no-till conditions. 

Objective: 

1) Compare the efficacy of single and tank-mixed herbicides applied at a 

burndown timing. 

2) Compare the efficacy of dicamba and 2,4-D applied POST on 10 to 20, 20 

to 30 and 30 to 40 cm tall horseweed. 

B. Emergence 

Justification: Horseweed emergence appears variable. There is little documentation 

to determine the extent of fall and spring emergence for multiple populations under 

similar conditions. By conducting this research, genetic variation between 

populations can be separated from the influence of environmental factors. A shift in 

emergence timing could influence the timing and success of herbicide applications. 

Objective: 
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1) Compare fall and spring emergence pattern of multiple horseweed 

populations collected across a north to south transect. 

2) Determine if horseweed sensitivity to glyphosate influences horseweed 

emergence timing. 

C. Dicamba Screening 

Justification: 

Horseweed response to dicamba varies between populations. However, there is 

little documentation on horseweed response with the new dicamba formulation. 

With the pending release of dicamba-tolerant crops, it is crucial to understand the 

variation of horseweed response prior to release of this technology. The purpose of 

this study was to document horseweed sensitivity to dicamba. In the future, 

populations can be screened again to determine if horseweed sensitivity has been 

altered by widespread use of dicamba. 

Objective: 

1) To compare the efficacy and variation of control with dicamba across 

multiple horseweed populations. 
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CHAPTER 2: RESPONSE OF HORSEWEED (CONYZA CANADENSIS (L.) 
CRONQ.) TO POST APPLIED HERBICIDES 

Joseph D. Bolte and Reid J. Smeda 

Abstract 

Horseweed (Conyza canadensis (L.) Cronq.) is found commonly in no-till cropping 

systems. Continuous, exclusive use of glyphosate has selected for resistance, 

necessitating alternative POST herbicides. Development of soybeans resistant to 

dicamba and 2,4-D offers new control options, but limited data are available targeting 

different plant heights. Field trials in Missouri during 2013 and 2014 compared the 

efficacy of glufosinate, paraquat, 2,4-D, dicamba, flumioxazin, linuron, metribuzin, 

saflufenacil, cloransulam and sulfentrazone alone or tank mixed with glyphosate on 

glyphosate-resistant (GR) horseweed. Additional studies assessed the efficacy of 

dicamba and 2,4-D alone on plants varying from 10 to 40 cm. Horseweed control ranged 

from 81 to 100% with saflufenacil and 28 to 92% with glufosinate, cloransulam and 

sulfentrazone by 35 days after treatment (DAT). Dicamba control ranged from 68 to 

100% and 2,4-D control ranged from 28 to 100% by 35 DAT. Control with flumioxazin, 

glyphosate, metribuzin and linuron never exceeded 70%. For variable size horseweed, 

2,4-D averaged 78, 66 and 58% control on 10 to 20 cm, 20 to 30 cm, and 30 to 40 cm 

plants, respectively. Control with dicamba was similar but higher, averaging 89, 85 and 

78% control for 10 to 20 cm, 20 to 30 cm, and 30 to 40 cm plants, respectively. Use of 

multiple herbicide modes of action can effectively control horseweed. Although larger 
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plants are less responsive, orthogonal contrasts reveal dicamba versus 2,4-D resulted in 

11 to 22% greater horseweed control across all plant sizes in both years. 

Nomenclature: 2,4-D, dicamba, cloransulam + sulfentrazone, flumioxazin, glufosinate, 

glyphosate, horseweed (Conyza canadensis (L.) Cronq. Erica), linuron, metribuzin, 

paraquat, saflufenacil. 

Key words: Burndown, glyphosate resistance, growth regulators.  

Introduction 

Horseweed (Conyza canadensis (L.) Cronq.) is native to North America and 

widespread. Plants are found commonly in agronomic fields as well as roadsides 

(Weaver 2001). In the absence of crop production, horseweed can be a dominant 

species (Keever 1950). Emergence occurs primarily in September and October and again 

from April through June throughout the Midwest (Main et al. 2006). Mature plants 

produce up to 1,340,000 seeds per plant (Kruger et al. 2010b) and are wind dispersed up 

to 550 km (Shields et al. 2006). 

Without effective control, horseweed competition with agronomic crops can be 

significant. In Canada, Ford (2014) found horseweed populations of 262 plants m-2 

reduced grain yield by 92% in corn (Zea mays (L.)). In soybean (Glycine max (L). Merr.), 

Bruce and Kells (1990) stated horseweed reduced soybean yields up to 98%. Season-

long horseweed competition at densities of 20 to 25 plants m-2 reduced cotton 

(Gossypium hirsutum (L.)) lint yield by 46% compared to the weed-free control (Steckel 

and Gwathmey 2009). 
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Although effective initially, repeated applications of glyphosate within and over 

years has resulted in widespread resistance. The first case of glyphosate-resistant (GR) 

horseweed occurred in Delaware where glyphosate was repeatedly applied over three 

consecutive years. The resistant biotype required up to 2,800 g ae ha-1 of glyphosate to 

reduce biomass 50% compared to the control; a rate 12.7-fold higher than the 

susceptible biotype (VanGessel 2001). Currently, 24 states and 11 countries have 

reported GR horseweed biotypes (Heap 2015).  

Horseweed has also evolved widespread resistance to other herbicide modes of 

action. Trainer et al. (2005) reported horseweed resistant to acetolactate synthase 

inhibitors (ALS) such as cloransulam-methyl and chlorimuron. For a 50% reduction in 

biomass using cloransulam-methyl, the resistant versus susceptible biotype required up 

to a 168-fold higher rate. In another study, Zheng et al. (2011) reported a horseweed 

biotype which required up to 40-fold more chlorimuron to reduce plant biomass similar 

to the susceptible population. In Canada, Weaver et al. (2004) documented horseweed 

resistant to photosystem II inhibitors such as linuron, with the ratio of resistant (R) to 

susceptible (S) plants (R/S) for similar control being 3.7. Horseweed has also been 

selected resistant to photosystem I electron diverter herbicides such as paraquat. Up to 

a 30-fold increase in paraquat was required to reduce biomass by 50% for R plants 

compared S plants (Smisek et al. 1998) 

Despite widespread resistance to other modes of action, growth regulator 

herbicides are effective on horseweed. Applied prior to planting, Owen et al. (2011) 

reported 97% control of GR horseweed with 280 g ae ha-1 of dicamba. Glyphosate at 860 
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g ae ha-1 plus 840 g ae ha-1 of 2, 4-D resulted in up to 88% control of GR horseweed by 2 

WAT (Eubank et al. 2008).  

Growth regulator activity on horseweed is influenced by plant height. Applied 

POST and prior to planting (burndown), Keeling (1989) reported 2,4-D ester controlled 

97 to 100% of horseweed rosettes by 28 DAT. For 10 to 15 cm horseweed, control with 

2,4-D was more variable, ranging from 57 to 100%. With dicamba, control of rosette and 

10 to 15 cm plants ranged from 93 to 100%. In dicamba-resistant soybean, Byker et al. 

(2013a) documented 900 g ha-1 of glyphosate plus 600 g ha-1 of dicamba applied pre-

plant (PP) followed by 900 g ha-1 of glyphosate plus 300 g ha-1 of dicamba POST resulted 

in 95 to 100% control of horseweed by 8 weeks after application (WAA). 

Besides growth regulators, the efficacy of other herbicides for control of 

horseweed is limited, especially in-crop after soybean and cotton emergence. In TN, 

Waggoner et al. (2011) found glufosinate at 702 g ai ha-1 resulted in 84 and 70% control 

of GR horseweed at 7 and 30 days after application (DAA), respectively. Glufosinate 

applied at 450 g ai ha-1 resulted in 93 and 77% control of GR horseweed 7 and 30 DAA, 

respectively. At 35 g ai ha-1, cloransulam-methyl, control of GR horseweed was 

improved up to 65% compared to glyphosate alone 4 WAA (Byker et al. 2013b). Owen et 

al. (2011) reported 50 g ai ha-1 saflufenacil applied 14 DPP resulted in 99% control of GR 

horseweed 30 days after planting. In soybean, Byker et al. (2013b) reported that 71 g ai 

ha-1 flumioxazin, 2,250 g ai ha-1 linuron and 1,120 g ai ha-1 metribuzin added to 900 g ha-

1 glyphosate resulted in up to 47, 57 and 100% control 4 WAA, respectively. In MS, 

Eubank et al. (2008) found 980 g ai ha-1 of paraquat resulted in 63 to 83% and 58 to 63% 
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control of horseweed 2 and 4 WAA, respectively. Sulfentrazone at 360 g ai ha-1 and tank 

mixed with 860 g ha-1 glyphosate resulted in 53 to 68% control of horseweed.  

Development of growth regulator resistant crops will permit POST use in 

soybean. Currently, little research is available comparing the efficacy of 2,4-D and 

dicamba on variable sized GR horseweed in-crop. The objectives of this study were two-

fold: a) compare the efficacy of multiple herbicide modes of action on emerged 

horseweed at a typical burndown timing in early spring; and b) determine the 

effectiveness of dicamba versus 2,4-D on horseweed ranging from 10 to 40 cm in height. 

Materials and Methods 

Burndown and POST field experiments were initiated in several Missouri 

locations with GR horseweed in 2013 and again in 2014. Burndown treatments were 

applied in April and May compared to POST treatments that were applied in April, May 

and June for both years. Experiments were carried out at a southeast and central 

location. In addition, the POST trial was conducted in a third location, north central, MO. 

Confirmation of glyphosate resistance in horseweed for all locations was 

conducted under greenhouse conditions. Glyphosate was applied at 840 and 2,250 g ae 

ha-1 using a hydraulic greenhouse sprayer. Treatments were applied with a spray volume 

of 140 L ha-1 using XR8001E (Teejet®: Spraying Systems Co. Wheatland, IL) spray tips at 

200 kPa. In DE, VanGessel (2001) documented a 50% reduction in biomass of GR 

horseweed occurred at a rate of 2,200 and 2,800 g ae ha-1 of glyphosate. In this 

research, visual control and plant dry weights were recorded by 21 DAT. Any population 

with plants exhibiting less than 50% control (0 = no control and 100 = plant death) 
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following treatment with 2,250 g ha-1 of glyphosate were considered resistant. At each 

location herbicide trials were conducted, horseweed screened in the greenhouse 

exhibited less than 50% control with 2,250 g ha-1 of glyphosate (data not shown). 

Burndown  

Unique field experiments were initiated in the spring of 2013 and 2014 at two 

sites in Missouri. In 2013, trials were conducted at the Lee Research Center near 

Portageville (36.39°N, 89.61°W) and a grower’s field near Williamsburg (38.91°N, 

91.71°W). The soil type at Portageville was a Tiptonville silt loam (fine-silty, mixed, 

superactive, thermic Oxyaquic Argiudolls) with a pH of 5.7 and an organic matter of 

1.6%. The soil type at Williamsburg was a Mexico silt loam (fine, smectitic, mesic Vertic 

Epiaqualfs) with a pH of 5.0 and an organic matter of 1.6%. In 2014, trials were 

established at the Bradford Research and Extension Center near Columbia (38.89°N, 

92.20°W) and the Lee Research Center. In 2014, the soil type at Columbia was a Mexico 

silt loam with a pH of 6.1 and an organic matter of 2.0%. The soil type at Portageville 

was a Tiptonville silt loam with a pH of 5.9 and an organic matter of 2.1%.  

Plot size was 3.1 by 9.1 meters; 16 treatments were applied in April and May 

(Table 2.1). Herbicides were applied at 4.8 km hour-1 using a CO2 pressurized backpack 

with XR8002 nozzle tips at a spray volume of 187 L ha-1 and average pressure of 182 kPa. 

Application dates, initial plant heights, as well as densities are shown in Table 2.2. The 

experimental design was a randomized complete block with four replications at all 

locations. Visual control as described above was recorded at 14, 21, 28 and 35 DAT. At 
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35 DAT in each plot, all visible plants in a 1 m-2 were harvested at ground level, dried at 

50 C for 3 d, and dry weights recorded.  

Mean weekly air temperature and cumulative precipitation was recorded from 

the time of herbicide applications through final evaluations for both locations in 2013 

and 2014 (Tables 2.3 and 2.4). Data were recorded from University of Missouri weather 

stations within 1.4 km of the field sites. 

POST  

Field experiments were conducted in 2013 and 2014 at three Missouri locations. 

In 2013, trials were conducted at the Lee Greenley Jr. Research Center near Novelty 

(40.02°N, 92.19°W), Lee Research Center, and Williamsburg, MO. The soil type at 

Novelty was a Kilwinning silt loam (fine, smectitic, mesic Vertic Epiaqualfs) with a pH of 

5.9 and an organic matter of 2.4%. The soil type at Portageville was a Tiptonville silt 

loam with a pH of 5.0 and an organic matter of 1.8%. The soil type at Williamsburg was a 

Mexico silt loam with a pH of 5.0 and an organic matter of 1.8%. In 2014, trials were 

established at the Bradford Research and Extension Center, Lee Greenley Jr. Research 

Center and Lee Research Center. The soil type at Columbia was a Mexico silt loam with a 

pH of 6.1 and a 2.1% organic matter. The soil type at Novelty was a Kilwinning silt loam 

with a pH of 5.9 and an organic matter of 2.4%. The soil type at Portageville was a 

Tiptonville silt loam with a pH of 5.9 and an organic matter of 2.1%.  

Treatments (Table 2.5) were applied as bolting seedlings reached one of three 

different heights: 10 to 20 cm; 20 to 30 cm; and 30 to 40 cm. Applications were made at 

276 to 303 kPa with a CO2 pressurized backpack equipped with AIXR11015 Teejet® 
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nozzle tips at 4.8 km hour-1 and a spray volume of 187 L ha-1. Application dates and 

initial horseweed densities were recorded (Tables 2.6 and 2.7). The experimental design 

was a randomized complete block design with four replications; plot size was 3.1 by 9.1 

m at all locations. At the Novelty location in April of 2014, glyphosate was applied at  

840 g ha-1 to remove dandelion (Taraxacum officinale (F. H.) Wigg). Prior to horseweed 

bolting, glyphosate was applied using conditions described above. Visual control of 

horseweed was recorded 14, 21, 28 and 35 DAT. At 35 DAT in each plot, visible plants in 

1 m-2 were harvested at ground level, dried at 50 C for 3 d, and dry weights recorded.  

Mean weekly air temperature and cumulative precipitation was recorded weekly 

from the time of herbicide applications through final evaluations for all locations in 2013 

and 2014 (Tables 2.3 and 2.4). Data were recorded from University of Missouri weather 

stations within 1.4 km of the field sites. 

Statistics 

An ANOVA was conducted using PROC GLIMMIX (SAS Institute Inc., Carey, NC) 

and data were analyzed separately by year for both studies. For the burndown trials, 

fixed effects were factorially arranged within a location and treatment. Denominator of 

F for treatment was replication within location for mean square. The denominator of F 

for testing visual control and biomass, the interaction between location and treatment 

is the residual for means square. For both trials, random effects included replication 

within a location. For the POST trials, fixed effects were factorially arranged within a 

location, treatment and application stage. Denominator of F for treatment was 

replication within location for mean square. The denominator of F for testing visual 
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control and biomass, the interaction between location, treatment and stage is the 

residual for means square. Plant biomass data were transformed by square root prior to 

ANOVA, but non-transformed means are presented. For both trials, means were 

separated using Fisher’s Protected LSD at p = 0.05. 

Results and Discussion 

Burndown 

 Glyphosate alone resulted in minimal control of horseweed (Tables 2.8 and 2.9). 

For all rating dates, 840 g ha-1 of glyphosate resulted in 19 to 55% control of horseweed 

across the four site years. Horseweed control with 1,680 g ha-1 of glyphosate ranged 

from 27 to 79% across all evaluation dates. Horseweed treated with glyphosate 

exhibited extensive regrowth by 35 DAT and never resulted in greater than 65% visible 

control for the four site years. Glyphosate was also ineffective suppressing horseweed 

biomass (Table 2.10). Glyphosate at a rate of 840 and 1680 g ha-1 compared to the 

untreated control reduced horseweed biomass by 33.3 and 63.6%, respectively, when 

averaged across site years. 

A number of herbicides performed poorly on horseweed (Tables 2.8 and 2.9). 

Control of horseweed with linuron, flumioxazin and metribuzin ranged from 20 to 73% 

by 14 DAT. For 21, 28, and 35 DAT evaluations, control of horseweed with linuron, 

flumioxazin and metribuzin was less than 69%. Results using horseweed biomass in 

response to linuron, flumioxazin and metribuzin were similar to visual control (Table 

2.10). By 35 DAT, linuron, flumioxazin and metribuzin resulted in less than a 68% 

reduction in biomass compared to the untreated control (Table 2.10). 
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Herbicidal activity on horseweed by 14 DAT varied, largely in response to the 

contact or systemic activity of the compound (Tables 2.8 and 2.9). Contact herbicides 

such as paraquat and saflufenacil rapidly induced injury with control varying from 50 to 

100% across four site years. Herbicides with limited translocation such as glufosinate, 

resulted in greater than 90% control for two of the four site years, but resulted in injury 

ranging from 59 to 86% control for the other site years. Control exhibited by systemic 

herbicides such as 2,4-D, dicamba and cloransulam plus sulfentrazone ranged from 53 to 

90%; insufficient time was allowed for optimum expression of efficacy. 

By 21 DAT, control of horseweed increased or decreased depending on the 

mobility of the applied herbicide (Tables 2.8 and 2.9). Averaged across site years, 

activity of paraquat decreased from 82.5 to 80% control by 21 DAT compared to 14 DAT. 

Saflufenacil control averaged across site years decreased from 96.8 to 95.3% at 21 

compared to 14 DAT. Mean control of cloransulam plus sulfentrazone increased from 

75.5 to 79% control at 21 DAT compared to 14 DAT. Control means for dicamba and 2,4-

D increased from 80.5 to 81.0% at 21 versus 14 DAT. Averaged across site years, 

glufosinate control decreased from 83.3 to 77% for 21 compared to 14 DAT. In 2013 and 

2014, at least one rate of 2,4-D or dicamba resulted in greater than 90% control by 21 

DAT for all locations except Williamsburg. Herbicides such as 2,4-D, dicamba, 

cloransulam plus sulfentrazone or saflufenacil were tank mixed with glyphosate. Poor 

activity of glyphosate alone suggests activity on horseweed was mainly from 2,4-D, 

dicamba, cloransulam plus sulfentrazone or saflufenacil. 
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Horseweed control was optimal by 28 DAT for systemic herbicides but declined 

for contact materials (Tables 2.8 and 2.9). Dicamba and 2,4-D resulted in greater than 

90% control of horseweed at Portageville by 28 DAT in 2013. However, no herbicides 

resulted in greater than 90% control of horseweed at Williamsburg. In 2014, all 

treatments containing 2,4-D, dicamba, glufosinate, or saflufenacil resulted in greater 

than 90% control of horseweed by 28 DAT at both locations. Averaged across all site 

years, activity of 2,4-D, dicamba and cloransulam plus sulfentrazone increased from 80.6 

to 82.9% at 28 DAT compared to 21 DAT. However, mean activity of saflufenacil and 

paraquat was reduced by 3.8 and 8% at 28 versus 21 DAT, respectively. Averaged across 

site years, glufosinate control decreased from 77 to 65.3% at 28 DAT compared to 21 

DAT. New growth of horseweed was evident, indicating plant recovery. 

For all site years except Williamsburg, the highest control of horseweed occurred 

with systematic herbicides by 35 DAT, but was variable for contact herbicides (Tables 

2.8 and 2.9). For all site years except Williamsburg, less than a 13% difference in control 

was exhibited between the low and high rate of 2,4-D or dicamba. Horseweed control 

with 2,4-D and dicamba ranged from 86 to 100% for all site years except Williamsburg. 

Horseweed treated with saflufenacil exhibited minimal regrowth by 35 DAT compared 

to paraquat and glufosinate. Saflufenacil resulted in greater than 90% control of 

horseweed for two of the four site years. 

Horseweed biomass was another variable reflecting herbicide efficacy (Table 

2.10). Except for Williamsburg, dicamba and 2,4-D resulted in > 54% reduction in 

horseweed biomass, with tissue of many plants unrecoverable. Cloransulam plus 
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sulfentrazone resulted in up to an 86.8% reduction in biomass compared to the 

untreated control for all site years. Rapid activity of saflufenacil resulted in little 

recoverable tissue. Paraquat resulted in up to 76.9% reduction in horseweed biomass 

compared to the untreated control for all site years. Glufosinate resulted in up to 92.4% 

reduction in horseweed biomass compared to the untreated control for the four site 

years. Reduction in horseweed biomass was lower compared to impacts assessed by 

visual control. Saflufenacil, paraquat, 2,4-D, dicamba, glufosinate and cloransulam plus 

sulfentrazone reduced biomass an average of 80.1, 50.8, 68.8, 66.5, 64.2 and 62.9%, 

respectively.  

Differences in control of horseweed may result from varying plant densities at 

the time of chemical application (Tables 2.2, 2.8, and 2.9). Horseweed densities for 

Williamsburg were 41.3-, 3.1-, and 2.2-fold higher than Portageville (2013), Columbia 

(2014) and Portageville (2014), respectively. Variable densities may have influenced 

spray coverage and the efficacy of various herbicide treatments. By 35 DAT, saflufenacil 

resulted in 89 to 100% control of horseweed when densities were 3 to 57 plants m-2. 

However, at 124 plants m-2, control was only 81%. At horseweed densities of 3 to 57 

plants m-2, paraquat control ranged from 81 to 91% control by 35 DAT. As horseweed 

densities increased to 124 plant m-2, paraquat resulted in 28% control by 35 DAT. 

Cloransulam plus sulfentrazone resulted in variable control of horseweed at densities of 

3 to 57 plants m-2, ranging from 79 to 92% control by 35 DAT. However, control was 79% 

as horseweed densities increased to 124 plants m-2. Dicamba and 2,4-D resulted in 86 to 

100% control of horseweed when densities were 3 to 57 plants m-2. Control of 
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horseweed with 2,4-D and dicamba ranged from 28 to 76% at a plant density of 124 

plants m-2. Differences in control suggest that thorough coverage of targeted plants is 

necessary. 

Differences in horseweed biomass may also result from varying densities at the 

time of chemical application (Tables 2.2 and 2.10). At densities of 3 to 57 plants m-2 

saflufenacil reduced horseweed biomass up to 100% compared to the untreated 

control. However, at a plant density of 124 plants m-2, saflufenacil reduced biomass only 

by 53%. Dicamba and 2,4-D resulted in up to an 100% reduction in biomass compared to 

the untreated control at plant densities of 3 to 57 plants m-2. However, at a plant 

density of 124 plants m-2 reduction in biomass never exceeded 47.3%. Paraquat, 

glufosinate and cloransulam plus sulfentrazone resulted in up to a 92.3% reduction in 

biomass compared to the untreated at plant densities less than 57 plants m-2. However, 

biomass reduction never exceeded 36.8% at a plant density of 124 plants m-2. 

In the presence of GR horseweed, POST options for horseweed at a burndown 

timing are limited. Several herbicides exhibited limited effectiveness. Flumioxazin tank 

mixed with glyphosate or applied alone resulted in less than 55% control of GR 

horseweed (Owen et al. 2011; Waggoner et al. 2011). Metribuzin and linuron applied 

alone resulted in variable horseweed control (Bruce and Kells 1990; Moseley and 

Hagood 1990), suggesting these compounds were not dependable options for 

horseweed. Prior to selection of GR horseweed, glyphosate was effective (Wilson and 

Worsham 1988). However, there are several cases of independent evolution of GR 

horseweed (Yuan et al. 2010), with 24 states and 11 countries reporting GR horseweed 
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(Heap 2015). Because much of the horseweed treated in these trials was GR, glyphosate 

alone resulted in poor control. 

Several herbicides are effective for control of horseweed at a burndown timing. 

Saflufenacil at several rates resulted in greater than 90% control of GR horseweed 

(Eubank et al. 2013; Knezevic et al. 2009). Paraquat exhibited effective control of 

horseweed (Wilson and Worsham 1988), but activity varies depending upon the size of 

treated plants (Wilson et al. 1985). Application of growth regulators such as dicamba 

and 2,4-D resulted in effective control of horseweed (Kruger et al. 2010a). In this 

research, growth regulators and saflufenacil resulted in effective control of horseweed 

across multiple horseweed densities. Though paraquat and glufosinate resulted in 

effective control of horseweed at lower densities, control was highly variable at higher 

densities. 

Horseweed has developed resistance to multiple modes of action including ALS, 

photosystem I and photosystem II herbicides (Heap 2015), limiting control of some 

biotypes. In MS, Eubank et al. (2008) reported sulfentrazone plus glyphosate averaged 

56.5% control of horseweed by 28 DAT. In Canada, Byker et al. (2013a) observed 

cloransulam tank mixed with glyphosate resulted in 73% control of GR horseweed by 28 

DAT. In this research, cloransulam plus sulfentrazone resulted in effective horseweed 

control. Multiple modes of action may increase the efficacy of treatments in the 

presence of herbicide-resistant biotypes. 

Application of multiple modes of action can also minimize selection of additional 

resistant biotypes. Treatments with multiple modes of action may reduce the cost of 



 

44 
 

weed shifts (Culpepper 2006; Green 2009). A weed shift could require additional 

management increasing the cost of management (Culpepper 2006). Herbicides mixtures 

versus single applications over multiple years can decrease selection for resistance. 

Treatments with two herbicide modes of action applied in the same year can also 

reduce selection pressure for resistance compared to single modes of action applied 

alone over a two year rotation (Diggel et al. 2003; Green 2009).  

The mobility of herbicides in plants influences plant response. Wilson et al. 

(1985) reported a rapid response of paraquat by 8 DAT, but control declined rapidly by 

50 DAT. The decline in control contributed to regrowth of the horseweed. Saflufenacil 

control decreased at 30 versus 7 DAT when applied alone or tank mixed with 

glyphosate, glufosinate or paraquat (Waggoner et al. 2011).This contradicts Owen et al. 

(2011), who reported saflufenacil resulted in greater or equivalent control of horseweed 

at later evaluation timings. Glufosinate exhibits limited plant mobility, (Beriault et al. 

1999) limiting the effectiveness of glufosinate by plant growth stage. Glufosinate results 

in variable control of horseweed, which may be related to air temperature at the time of 

application (Steckel et al. 2006; Owen et al. 2009). Control of horseweed with 

systematic herbicides such as 2,4-D and dicamba increased up to 15% by 28 versus 14 

DAT (Eubank et al. 2008). In this research, control by 2,4-D and dicamba increased at 

three of the four site years at 35 DAT compared to 14 DAT. Other systemic herbicides 

such as cloransulam resulted in an increase in control at later evaluation dates at all site 

years. Saflufenacil control did not decline over time for two of the four site years. 

Paraquat and glufosinate control decreased over time at three of the four site years. 



 

45 
 

POST 

Glyphosate alone resulted in poor control of horseweed at multiple growth 

stages, indicating the extent of glyphosate resistance. Glyphosate resulted in up to 40% 

control across the six site years by 14 DAT (Tables 2.11 and 2.12). The size of treated 

plants did not influence glyphosate sensitivity by 14 DAT. Glyphosate resulted in less 

than 56% control for all site years by 21 DAT (Tables 2.13 and 2.14). By 28 DAT, 

horseweed treated with glyphosate exhibited substantial plant recovery (Tables 2.15 

and 2.16). Glyphosate alone resulted in less than 41% control of horseweed by 35 DAT 

(Tables 2.17 and 2.18).  

 Dicamba and 2,4-D horseweed control was poor at 14 DAT (Tables 2.11 and 

2.12). A size response was seen for both herbicides with larger plants being less 

responsive. Averaged across site years and rates, 2,4-D resulted in 65.5, 55.3 and 48.3% 

control of 10 to 20 cm, 20 to 30 cm, and 30 to 40 cm, respectively. Dicamba control 

averaged 70.5, 63.7 and 55.3% for 10 to 20 cm, 20 to 30 cm, and 30 to 40 cm plant size, 

respectively. 

 At 21 DAT, the efficacy of growth regulators was greater compared to 14 DAT 

(Tables 2.13 and 2.14). Across plant sizes and rates, dicamba and 2,4-D control ranged 

from 46 to 95% and 25 to 95%, respectively. Control of horseweed increased by 21 DAT 

compared to 14 DAT except for the lowest rate of 2,4-D. Averaged across rates, control 

increased by 4.2, 4.1 and 5.7% between 14 and 21 DAT for 10 to 20 cm, 20 to 30 cm, and 

30 to 40 cm horseweed, respectively.  
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Across all locations and horseweed sizes, a rate response to dicamba and 2,4-D 

was evident at 28 DAT (Tables 2.15 and 2.16). Averaged across site years, rates and 

application stages, 2,4-D control increased by 4.3% at 28 compared to 21 DAT. However, 

dicamba control increased 9.8% at 28 compared to 21 DAT. Lower rates of 2,4-D and 

dicamba control never exceeded 88 and 93% control, respectively. Averaged across site 

years, 1,120 g ha-1 of 2,4-D resulted in 77.5, 73.8 and 59.5% control of 10 to 20 cm, 20 to 

30 cm and 30 to 40 cm horseweed, respectively. However, 840 g ha-1 of dicamba 

averaged 84.2, 83, 71.7% control for 10 to 20 cm, 20 to 30 cm and 30 to 40 cm, 

respectively. All 2,4-D rates resulted in greater variation compared to dicamba. At three 

of the six site years, dicamba resulted in greater than 90% control for at least one rate 

and plant size. In contrast, 2,4-D resulted in greater than 90% control at two of the six 

site years. 

Differences in rate response became even more prevalent by 35 DAT (Tables 

2.17 and 2.18). At five of the six site years, dicamba resulted in greater than 90% control 

for at least one rate and plant size. In contrast, 2,4-D resulted in greater than 90% 

control for two of the six site years. At Williamsburg, dicamba and 2,4-D horseweed 

were relatively ineffective on all stages of horseweed, with control ranging from 30 to 

93%. However, 2,4-D and dicamba resulted in 60 to 100% control at Portageville in 2013 

and Columbia in 2014. Dicamba and 2,4-D control averaged 82.4, 75.2 and 68.3% for 10 

to 20 cm, 20 to 30 cm and 30 to 40 cm horseweed, respectively. Averaged across rates, 

site years and plant sizes, 2,4-D efficacy increased by 2.4% at 35 versus 28 DAT. 

However, dicamba control increased by 7.2% at 35 versus 28 DAT. Low rates of dicamba 
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and 2,4-D were relatively ineffective on all stages of horseweed, averaging 80.4 and 

60.1% control, respectively. Averaged across site years, 1,120 g ha-1 of 2,4-D resulted in 

84.2, 72.8 and 66% control of 10 to 20 cm, 20 to 30 cm and 30 to 40 cm horseweed, 

respectively. However, dicamba applied at the 840 g ha-1 averaged 92.7, 88.5 and 81% 

control for 10 to 20 cm, 20 to 30 cm and 30 to 40 cm horseweed, respectively. 

 Biomass of horseweed in response to 2,4-D or dicamba was another indicator of 

herbicide efficacy (Tables 2.19 and 2.20). Averaged across plant sizes, low rates of 2,4-D 

and dicamba reduced horseweed biomass by 30.9 and 51.1%, respectively, compared to 

glyphosate alone. Similar to visual control, higher rates of 2,4-D and dicamba resulted in 

the highest injury levels. At a rate of 1,120 g ha-1, 2,4-D resulted in a 67.8, 27.9 and 

45.7% reduction in biomass for 10 to 20 cm, 20 to 30 cm and 30 to 40 cm horseweed, 

respectively. However, reduction in biomass for 840 g ha-1 of dicamba averaged 63.3, 

55.2 and 50.5% for 10 to 20 cm, 20 to 30 cm, and 30 to 40 cm plants, respectively. 

An orthogonal contrast was used to compare the influence of dicamba versus 

2,4-D (Table 2.21). In both 2013 and 2014, dicamba activity was significantly higher 

compared to 2,4-D, ranging from a 10.6 to 22.5%. Dicamba also resulted in greater 

reductions in horseweed biomass compared to 2,4-D, from a 5.4 to 32.3% decrease. 

These data suggest that visual control of horseweed was consistently higher for dicamba 

versus 2,4-D at multiple plant sizes and over time.  

Combining all site years, an orthogonal contrast compared horseweed response 

to 2,4-D and dicamba (Table 2.22). Suppression of horseweed growth was similar for 

dicamba and 2,4-D on 10 to 20 cm plants. However, significant differences between 
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dicamba and 2,4-D were apparent following treatment of larger horseweed. Dicamba 

versus 2,4-D reduced shoot biomass of 20 to 30 cm and 30 to 40 cm plants an average of 

26.2 and 20.6%, respectively. 

Differences between 2,4-D and dicamba control of horseweed varied across 

locations, and may be attributed to variation in the initial density of plants treated. 

Initial densities averaged across plant heights were 42, 8.3, 213.7, 40.3, 56 and 74 plants 

m-2 at Novelty (2013), Portageville (2014), Williamsburg, Columbia, Novelty (2014) and 

Portageville (2014), respectively (Tables 2.6 and 2.7). By 35 DAT at Portageville in 2013, 

dicamba and 2,4-D control averaged 82.8 and 79.4%, respectively. However, as density 

increased from 56 to 74 plants m-2, dicamba and 2,4-D means were 85.6 and 67.8%, 

respectively, by 35 DAT. The greatest reduction in control occurred at Williamsburg, 

where horseweed density averaged 213.7 plants m-2. At Williamsburg, dicamba and 2,4-

D control averaged 72.7 and 62.7% by 35 DAT, respectively. 

Adoption of growth-regulator tolerant soybean provides new opportunities for 

POST control of horseweed, but efficacy may depend on the initial size of treated plants. 

Although both dicamba and 2,4-D exhibit efficacy, dicamba was more consistent across 

a range of plant sizes (Everitt and Keeling 2007). However, Kruger et al. (2010a) found 

2,4-D resulted in 90 to 97% control of 0 to > 30 cm horseweed. In addition, dicamba 

resulted in 89 to 98% control of similar sized plants. In this research, 2,4-D and dicamba 

resulted in effective control of horseweed on plants smaller than 20 cm across all site 

years except Williamsburg. As treated plant size increased, 2,4-D resulted in variable 

horseweed control by 35 DAT. Dicamba resulted in more consistent horseweed control 
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compared to 2,4-D at larger plant heights and densities. Averaged across all other 

variables, dicamba induced up to 20.4% greater injury than 2,4-D at all plant heights. 

 Although both dicamba and 2,4-D exhibit efficacy on horseweed, dicamba was 

more consistent across various herbicide rates. In cotton, Everitt and Keeling (2007) 

reported 1,120 g ha-1 of 2,4-D applied resulted in 73 to 95% control of horseweed. 

However, lower rates of dicamba (140 g ha-1) resulted in more consistent control than 

2,4-D, ranging from 82 to 93% control. Keeling et al. (1989) reported that lower rates of 

dicamba resulted in equivalent control compared to higher rates of 2,4-D. In this 

research, the efficacy of dicamba was more consistent at lower rates. The orthogonal 

contrast supports dicamba across multiple rates can result in greater control. Biomass 

can vary depending on the level of significance. 

The effectiveness of dicamba and 2,4-D on horseweed can be influenced by 

chemical rate and the initial height of treated plants. Because horseweed can emerge at 

multiple times in the spring (Bolte and Smeda 2015), it is likely that multiple stages of 

plants will be present simultaneously. Consistent performance of growth regulators will 

necessitate effective rates. Use of reduced rates will result in poor performance and 

may select for resistant plants (Busi and Powles 2009). 

The frequency of GR horseweed in soybean production systems necessitates 

effective alternative herbicides. Horseweed has been reported in 19% of soybean fields 

sampled in Indiana (Davis et al. 2008). Multiple modes of action used in a soybean 

burndown program could reduce selection pressure for single herbicides. Growth 

regulators may result in effective control of horseweed prior to soybean planting on 
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various horseweed sizes. However, saflufenacil, glufosinate, cloransulam plus 

sulfentrazone and paraquat resulted in effective control of horseweed as well. This 

advocates herbicide programs with multiple modes of action. 
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Table 2.1. Herbicide treatments applied on horseweed at Columbia, Portageville and 
Williamsburg, Missouri in 2013 and 2014. 

Treatmentabc Rate (g ai ha-1)d 

Untreated check        - 

2,4-D + glyphosate 560 + 840 

2,4-D + glyphosate 840 + 840 

2,4-D + glyphosate 1,120 + 840 

Dicamba + glyphosate 420 + 840 

Dicamba + glyphosate 560 + 840 

Dicamba + glyphosate 840 + 840 

Flumioxazin + glyphosate 107 + 840 

Linuron + glyphosate 560 + 840 

Metribuzin + glyphosate 420 +840 

Paraquat 841  

Glufosinate 594 

Saflufenacil + glyphosate 37 + 840 

Cloransulam + sulfentrazone + glyphosate 281 + 36 + 840 

Glyphosate 840 

Glyphosate 1,680  

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments except paraquat.  
bCrop oil concentrate (COC); 1% v/v was added to linuron + glyphosate and paraquat. 
COC; 1.2% v/v was added to cloransulam + sulfentrazone + glyphosate.  
cMethylated soybean oil (MSO); 1% v/v was added to saflufenacil + glyphosate. 
dRates of glyphosate, 2,4-D and dicamba are stated in g ae ha-1. 
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Table 2.2. Timing of burndown applications at four sites in Missouri: Portageville 
(southeast), Williamsburg (east central) and Columbia (central) in 2013 and 2014. Plant 
densities were recorded at the time of herbicide applications, and means represent the 
average of estimating the density from 40 plots. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 –––––––––2013––––––––– –––––––––2014–––––––– 
 Portageville Williamsburg Columbia Portageville 

Application date April 29 May 1 May 16 April 25 
Initial density (m-2) 3 124 40 57 
Initial height (cm) 15.44 5.44 7.72 7.72 
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Table 2.3. Average weekly air temperature and cumulative precipitation for horseweed 
field sites in 2013 from April through July. Weather data were collected from University 
of Missouri weather stations for Novelty and Portageville field sites. Williamsburg data 
were collected approximately 1.38 km from field sites. 

  

 –––––– Novelty –––––– –––– Portageville –––– –––– Williamsburg –––– 

 Mean 

temp 

Total 

precipitation 

Mean 

temp 

Total 

precipitation 

Mean 

temp 

Total 

precipitation 

Date (C) (cm) (C) (cm) (C)  (cm) 

April 22    9.7 2.2 13.3 6.5 10.1   3.0 

April 29 12.6 3.9 15.2 5.0 13.2   3.7 

May 6 14.5 2.3 18.2 0.5 15.5   0.2 

May 13 21.1 0.8 22.5 0.5 21.6   0.3 

May 20 16.3 9.6 21.2 4.8 17.4   7.9 

May 27 18.9 9.5 24.5 6.6 20.1 11.6 

June 3 17.5 1.4 22.3 4.4 18.6   0.4 

June 10 22.7 4.1 26.8 0.0 23.5   2.7 

June 17 24.5 1.1 26.7 2.1 24.3   1.1 

June 24 23.8 2.5 27.5 0.9 25.6   0.0 

July 1 22.7 0.0 23.1 0.6 22.9   0.0 

July 8 24.4 0.1 26.8 0.1 25.1   2.2 

July 15 26.6 0.6 27.2 3.4 26.7   2.0 



 

58 
 

Table 2.4. Average weekly air temperature and cumulative precipitation for horseweed 
field sites in 2014 from April until August. Weather data were collected from University 
of Missouri weather stations for all locations. 

 

 

 

 

 ––––– Columbia ––––– ––––– Novelty –––––– –––– Portageville –––– 

 Mean 

temp 

Total 

precipitation 

Mean 

temp 

Total 

precipitation 

Mean 

temp 

Total 

precipitation 

Datea (C) (cm) (C) (cm) (C) (cm) 

April 21 16.1 2.6 14.5   5.8 18.5   2.4 

April 28 13.0 0.4 11.9   0.5 16.6   8.7 

May 5 27.5 2.9 19.5   1.3 23.8   1.2 

May 12 12.2 3.0 11.8   0.6 16.1   4.5 

May 19 20.9 0.1 20.3   0.5 24.2   0.1 

May 26 23.1 0.9 23.3   0.1 24.4   2.3 

June 2 21.5 4.7 20.8   13.0 23.9   4.3 

June 9 19.0 4.0 19.1   0.8 22.6   2.5 

June 16 25.8 6.7 25.2   3.8 27.8   0.4 

June 23 24.4 0.8 24.0   4.4 25.0 10.2 

June 30 22.1 0.4 21.4   1.8 24.2   1.5 

July 7 24.4 3.5 23.8   2.3 26.8   0.2 

July 14 20.2 0.2 19.7   0.1 22.0   3.9 

July 21 24.7 0.1 23.2   1.4 24.8   2.5 

July 28 21.4 0.1 20.8   0.0 23.0   0.0 

August 4 23.1 4.1 21.7   4.5 25.3   5.2 
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Table 2.5. Herbicide treatments applied to horseweed at Columbia, Novelty, Portageville 
and Williamsburg, Missouri in 2013 and 2014. Treatments were repeated for 10 to 20, 
20 to 30, and 30 to 40 cm horseweed.  

Treatmenta Rate (g ae ha-1) 

Glyphosate 840 

2,4-D + glyphosate 560 + 840 

2,4-D + glyphosate 840 + 840 

2,4-D + glyphosate 1,120 + 840 

Dicamba + glyphosate 420 + 840 

Dicamba + glyphosate 560 + 840 

Dicamba + glyphosate 840 + 840 

aAmmonium sulfate (AMS) was added at 3,810 g ha-1 for all treatments. 
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Table 2.6. Timing of growth regulator applications on three stages of horseweed at 
three sites in Missouri: Novelty (northeast), Portageville (southeast), and Williamsburg 
(east central) in 2013. Plant densities were recorded at the time of herbicide 
applications and means represent the average of estimating the density from 28 plots. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Height Application Initial density 
Location (cm) date (m-2) 

Novelty 10 to 20 May 24 39 
 20 to 30 June 7 54 
 30 to 40 June 14 33 
    
Portageville 10 to 20 April 29 4 
 20 to 30 May 10 7 
 30 to 40 May 22 14 
    
Williamsburg 10 to 20 May 17 190 
 20 to 30 June 1 168 
 30 to 40 June 14 283 
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Table 2.7. Timing of growth regulator applications on three stages of horseweed at 
three sites in Missouri: Columbia (central), Novelty (northeast), and Portageville 
(southeast) in 2014. Plant densities were recorded at the time of herbicide applications 
and means represent the average of estimating the density from 28 plots. 

 

 

 

 Height Application Initial density 
Location (cm) date (m-2) 

Columbia 10 to 20 May 23 27 
 20 to 30 June 6 48 
 30 to 40 June 16 46 
    
Novelty 10 to 20 June 25 55 
 20 to 30 June 29 67 
 30 to 40 June 29 53 
    
Portageville 10 to 20 May 2 57 
 20 to 30 May 22 102 
 30 to 40 June 5 63 
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Table 2.8. Mean visual response of horseweed to various herbicide treatments in 2013. Locations in Missouri included Portageville (southeast) and 
Williamsburg (east central). Visual ratings (0 = no control and 100 = plant death) were recorded from 14 to 35 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments except paraquat.  
bCrop oil concentrate (COC); 1% v/v was added to linuron + glyphosate and paraquat. COC at 1.2% v/v was added to cloransulam + sulfentrazone + 
glyphosate.  
cMethylated soybean oil (MSO); 1% v/v was added to saflufenacil + glyphosate. 
dRates of glyphosate, 2,4-D, and dicamba are stated in g ae ha-1. 
eMeans within the same column followed by the same letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 
 

  –––––––––––––Portageville–––––––––––– ––––––––––––Williamsburg–––––––––––– 

  –––––––––––––––––––––––––– Days after treatment –––––––––––––––––––––––––––– 

 Rate 14 21 28 35 14 21 28 35 

Treatmentabc (g ai ha-1)d ––––––––––––––––––––––––––––– % Visual control ––––––––––––––––––––––––––––– 

2,4-D + glyphosate 560 + 840 88   abe 80   b 88   ab 94   ab 53   def 41   def 33   ce 28   e 

2,4-D + glyphosate 840 + 840 89   ab 91   ab 94   a 95   ab 73   abc 53   cd 49   cd 46   d 

2,4-D + glyphosate 1,120 + 840 89   ab 89   ab 94   a 100 a 71   bc 58   bc 54   bc 59   c 

Dicamba + glyphosate 420 + 840 89   ab 84   ab 78   bc 86   bc 68   bcd 61   bc 61   bc 68   bc 

Dicamba + glyphosate 560 + 840 86   ab 83   b 82   ab 91   abc 70   bc 66   b 64   b 73   b 

Dicamba + glyphosate 840 + 840 90   ab 91   ab 93   a 99   a 78   ab 70   b 65   b 76   ab 

Flumioxazin + glyphosate 107 + 840 36   c 36   de 15   e 50   g 38   ghi 29   gh 18   f 14   f 

Linuron + glyphosate 560 + 840 20   d 35   e 20   e 51   g 30   i 24   h 21   ef 19   ef 

Metribuzin + glyphosate 420 +840 73   b 53   c 43   d 70   de 51   efg 31   fgh 21   ef 23   ef 

Paraquat 841 96   a 83   b 68   c 81   cd 50   efgh 50   cde 38   cd 28   e 

Glufosinate 594 86   ab 81   b 36   d 65   ef 59   cde 45   de 40   cd 29   e 

Saflufenacil + glyphosate 37 + 840 99   a 96   a 85   ab 89   abc 88    a 85   a 81   a 81   a 

Cloransulam + sulfentrazone + glyphosate 821 + 36 +840 79   b 83   b 83   ab 86   bc 66    bcd 69   b 65   b 79   ab 

Glyphosate 840 34   cd 45   cd 20   e 55   fg 36    hi 38   efg 21   ef 19   ef 

Glyphosate 1,680 33   cd 45   cd 48   d 65   ef 40    fghi 43   def 31   cef 27   e 
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Table 2.9. Mean visual response of horseweed to various herbicide treatments in 2014. Locations in Missouri included Columbia (central) and Portageville 
(southeast). Visual ratings (0 = no control and 100 = plant death) were recorded from 14 to 35 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments except paraquat.  
bCrop oil concentrate (COC); 1% v/v was added to linuron + glyphosate and paraquat. COC at 1.2% v/v was added to cloransulam + sulfentrazone + 
glyphosate.  
cMethylated soybean oil (MSO); 1% v/v was added to saflufenacil + glyphosate. 
dRates of glyphosate, 2,4-D, and dicamba are stated in g ae ha-1. 
eMeans within the same column followed by the same letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 
 
 
 

  ––––––––––––––– Columbia ––––––––––––––– –––––––––––––– Portageville –––––––––––––– 

  ––––––––––––––––––––––––––––––––  Days after treatment –––––––––––––––––––––––––––––– 

 Rate 14 21 28 35 14 21 28 35 

Treatmentabc (g ai ha-1)d –––––––––––––––––––––––––––––––––– % Visual control ––––––––––––––––––––––––––––––––– 

2,4-D + glyphosate 560 + 840 76   abcde 88   abc 95    a 94    a 83    ab 95     a 100  a 86    a 

2,4-D + glyphosate 840 + 840 78   abcd 87   abc 93    a 91    a  92    a 93     a 96    a 91    a 

2,4-D + glyphosate 1,120 + 840 79   abcd 93   a 98    a 100  a 82    abc 88     ab 96    a 86    a 

Dicamba + glyphosate 420 + 840 79   abcd 84   abc 99    a 100  a 84    ab 88    ab 100  a 96    a 

Dicamba + glyphosate 560 + 840 79   abcd 86   abc 98    a 96    a 84    ab 90    ab 99    a 100  a 

Dicamba + glyphosate 840 + 840 88   abc 97   a 99    a 100  a 84    ab 88    ab 97    a 100  a 

Flumioxazin + glyphosate 107 + 840 43   ef 56   def 58    cd 58    bc 58    cd 51    cd 51    b 38    bc 

Linuron + glyphosate 560 + 841 63   cdef 64   cde 66    bc 69    b 38    d 40    d 35    b 28    bc 

Metribuzin + glyphosate 420 +840 58   def 67   bcd 64    bcd 69    b 53    d 51    cd 48    b 45    b 

Paraquat 841 90   ab 93   a 88    ab 91    a 99    a 94    a 94    a 81    a 

Glufosinate 594 93   ab 91   ab 95    a 91    a 95    a 91    ab 90    a 82    a 

Saflufenacil + glyphosate 37 + 840 100  a 100 a 100  a 100  a 100  a 100  a 100  a 100  a 

Cloransulam + sulfentrazone + glyphosate 821 + 36 +840 69    bcde 83   abc 91    a 92    a 88    a 85    ab 81    a 79    a 

Glyphosate 840 50    ef 30   f 40    d 39    c 43    d 53    cd 45    b 21    c 

Glyphosate 1,680 41   f  40   ef 44    cd 44    c 61    bcd 68    bc 79    a 36    bc 
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Table 2.10. Mean response of horseweed biomass to various herbicide treatments in 2013 and 2014. Above ground tissue was harvested at 35 days after 
treatment (DAT) dried three days at 50 C, and dry weight recorded. Locations in Missouri included Portageville (southeast), Williamsburg (east central) and 
Columbia (central).  

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments except paraquat.  
bCrop oil concentrate (COC); 1% v/v was added to linuron + glyphosate and paraquat. COC at 1.2% v/v was added to cloransulam + sulfentrazone + 
glyphosate.  
cMethylated soybean oil (MSO); 1% v/v was added to saflufenacil + glyphosate. 
dRates of glyphosate, 2,4-D, and dicamba are stated in g ae ha-1. 
eMeans represent dry weights of above ground tissue on a per plant basis. 
fMeans within the same column followed by the same letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

  –––––––––––––––  2013  –––––––––––––– –––––––––––––––  2014  ––––––––––––––– 

 Rate ––– Portageville ––– –– Williamsburg –– –––– Columbia –––– ––– Portageville ––– 

Treatmentabc (g ai ha-1)d –––––––––––––––––––––––––––––  Dry weight(g)e
  ––––––––––––––––––––––––––––––– 

Untreated control - 1.61 af 0.19 1.06 a 0.39 a 

2,4-D + glyphosate 560 + 840             0.73 bcdef 0.12   0.21 cd     0.10 def 

2,4-D + glyphosate 840 + 840             0.0   g 0.10   0.35 bc   0.02 efg 

2,4-D + glyphosate 1,120 + 840             0.27 fg 0.15    0.06 bcd      0.11 bcdef 

Dicamba + glyphosate 420 + 840             0.57 def 0.13  0.39 bc   0.05 defg 

Dicamba + glyphosate 560 + 840            0.65 def 0.12   0.18 cde            0.01 fg 

Dicamba + glyphosate 840 + 840            0.46 f 0.16 0.06 ef 0.03 efg 

Flumioxazin + glyphosate 107 + 840            1.62 ab 0.16 0.34 bc 0.30 abc 

Linuron + glyphosate 560 + 841            1.92 a 0.18 0.41 bc 0.45 abc 

Metribuzin + glyphosate 420 +840            0.94 abcd 0.18 0.57 ab 0.19 abcd 

Paraquat 841            0.57 def 0.16 0.57 ab 0.09 cdef 

Glufosinate 594           0.86 bcde 0.12 0.20 cde 0.03 defg 

Saflufenacil + glyphosate 37 + 840           0.52 f 0.09             0.0  f           0.0   g 

Cloransulam + sulfentrazone + glyphosate 821 + 36 +840 0.58 cdef 0.13 0.14 de 0.12 cdef 

Glyphosate 840           1.35 abc 0.16 0.61 ab   0.16 abcde 

Glyphosate 1,680           1.28 abc 0.14 0.32 bcd 0.14 bcdef 
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Table 2.11. Mean visual response of horseweed to various herbicide treatments in 2013. Locations in Missouri included Novelty (northeast), Portageville 
(southeast) and Williamsburg (east central). Visual ratings (0 = no control and 100 = complete plant death) were recorded 14 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 

 

 

  ––––––––––– Novelty –––––––– –––––––– Portageville –––––––– –––––––– Williamsburg ––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) –––––––––––––––––––––––––––––––––––– % Visual control ––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 10 Bb 20 C 12 C 10 B   bc 10 B   b 36 B   a 16 C 17 C 10 C 

2, 4-D + glyphosate 560 + 840 46 A a 28 BC  b 30 B   b 78 A   a 78 A   a 54 A   b 55 B    a 39 B   b 21 BC  c 

2, 4-D + glyphosate 840 + 840 50 A a 45 A    a 30 B 85 A   a 80 A   a 60 A   b 51 B    a 55 A   a 33 AB  b 

2, 4-D + glyphosate 1,120+ 840 55 A a 34 AB  b 40 AB b 80 A 80 A 67 A 68 AB  a 56 A   a 41 A    b 

Dicamba + glyphosate 420 + 840 46 A  45 A 46 A 88 A   a 71 A   b 60 A   b 63 A    a  55 A   a 41 A    b 

Dicamba + glyphosate 560 + 840 51 A  46 A 43 AB 80 A   a 76 A   ab 63 A   b 73 A   a 56 A   b 44 A    b 

Dicamba + glyphosate 840 + 840 54 A 43 A 46 A 88 A   a 74 A   b 59 A   c 75 A   a 64 A   a 45 A    b 
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Table 2.12. Mean visual response of horseweed to various herbicide treatments in 2014. Locations in Missouri included Columbia (central), Novelty 
(northeast) and Portageville (southeast). Visual ratings (0 = no control and 100 = complete plant death) were recorded 14 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 
 
 
 
 
 
 

  ––––––––– Columbia ––––––––– –––––––––– Novelty ––––––––– –––––––– Portageville –––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) ––––––––––––––––––––––––––––––––––– % Visual control –––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 18 Bb bc 40 C   a    6 C  c    5 C   8 D 10 C 20 C  a    5 C b 14 B ab 

2, 4-D + glyphosate 560 +840 71 A a 72 B   a 47 B   b 49 B 45 B 46 B 66 B 51 B 59 A 

2, 4-D + glyphosate 841 +840 78 A a 73 B   a 57 AB b 59 AB 55 A 54 AB 71 AB a 53 AB b 58 A b 

2, 4-D + glyphosate 1,120 +840 80 A a 75 AB a 57 AB b 62 AB 51 A 56 AB 75 AB a 56 AB b 60 A b 

Dicamba + glyphosate 420 +840 75 A a 80 AB a 56 AB b 63 AB 59 A 58 AB 68 AB 63 A 67 A 

Dicamba +glyphosate 560 +840 79 A a 84 A   a 54 AB b 66 AB 65 A 59 A 74 AB 64 A 65 A 

Dicamba + glyphosate 840 +840 82 A a 79 AB a 59 A   b 67 A 61 A 64 A 78 A  a 63 A   b 67 A ab 



 

 

6
7 

Table 2.13. Mean visual response of horseweed to various herbicide treatments in 2013. Locations in Missouri included Novelty (northeast), Portageville 
(southeast) and Williamsburg (east central). Visual ratings (0 = no control and 100 = complete plant death) were recorded from 21 days after treatment 
(DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 

  

  ––––––––––– Novelty ––––––––– –––––––– Portageville –––––––– –––––––– Williamsburg ––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) ––––––––––––––––––––––––––––––––––––– % Visual control ––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 18 Cb 15 C   5 C 56 B ac 33 C    b 25 D     b 23 C   ab 30 D   a    9 C  b 

2, 4-D + glyphosate 560 +840 41 B 29 C 30 B 91 A a 73 AB  b 50 BC   c 55 B   a 48 C   a 25 B   b 

2, 4-D + glyphosate 840 +840 60 A a 54 B    a 38 AB b 95 A a 75 AB  b 65 AB   c 58 AB a 71 A   a 40 AB b 

2, 4-D + glyphosate 1,120 +840 50 B 48 B 40 AB 94 A a 83 A    a 60 ABC b 64 AB ab 69 A   a 49 A   b 

Dicamba + glyphosate 420 + 840 49 B ab 61 AB a 39 AB b 95 A a 63 B    b 46 C      c 56 AB 51 BC 49 A 

Dicamba +glyphosate 560 + 840 51 B b 70 A   a 45 AB b 93 A a 65 B    b 60 ABC b 68 AB a 51 BC ab 49 A   b 

Dicamba +glyphosate 840 +840 69 A a 70 A   a 48 A   b 94 A a 73 AB  b 66 Ab     71 A   a 65 AB ab 55 A   b 
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Table 2.14. Mean visual response of horseweed to various herbicide treatments in 2014. Locations in Missouri included Columbia (central), Novelty 
(northeast) and Portageville (southeast). Visual ratings (0 = no control and 100 = complete plant death) were recorded 21 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 
 
 
 
 

  ––––––––– Columbia ––––––––– ––––––––– Novelty –––––––––– –––––––– Portageville –––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) –––––––––––––––––––––––––––––––––––––– % Visual control –––––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 15 Bb   8 C   5 B    6 C   8  E   9  D 11 C   8 C   8  C 

2, 4-D + glyphosate 560 + 840 81 A ac 73 B    ab 53 A b 54 B 43 D 48 C 50 B 51 B 44 B 

2, 4-D + glyphosate 840 + 840 82 A a 75 B    a 61 A b 66 A 55 BC 55 BC 74 A a 53 B b 60 A b 

2, 4-D + glyphosate 1,120 + 840 89 A a 80 AB  a 61 A a 62 AB 51 CD 61 AB 78 A 72 A 69 A 

Dicamba + glyphosate 420 + 840 82 A a 84 AB  a 58 A b 63 AB 62 ABC 63 AB 73 A 68 A 68 A 

Dicamba + glyphosate 560 + 840 82 A a 87 A    a 57 A b 66 A 67 A 66 AB 75 A 68 A 71 A 

Dicamba + glyphosate 840 + 840 88 A a 82 AB a 63 A b 67 A 63 AB 70 A 82 A a 70 A b 68 A b 
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Table 2.15. Mean visual response of horseweed to various herbicide treatments in 2013. Locations in Missouri included Novelty (northeast), Portageville 
(southeast) and Williamsburg (east central). Visual ratings (0 = no control and 100 = complete plant death) were recorded 28 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 

 
 

  –––––––––––– Novelty  ––––––––––– ––––––––– Portageville  –––––––––– –––––––––  Williamsburg  –––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) ––––––––––––––––––––––––––––––––––––––––– % Visual control –––––––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 19 Db   8 C   6 D 30 B ac 36 B a 11 D    b 18 D 16 C   6 D 

2, 4-D + glyphosate  560 + 840 48 C    a 26 B b 30 C    ab 91 A a 81 A a 58 B     b 40 C     ab 51 B   a 26 C   b 

2, 4-D + glyphosate 840 +840 48 C 41 B 49 AB 93 A a 86 A ab 72 AB   b 55 ABC b 83 AB a 43 B   b 

2, 4-D + glyphosate 1,120 +840 63 BC  a 39 B b 44 B    ab 91 A a 85 A a 66 ABC b 59 AB   b 88 A   a 56 AB b 

Dicamba + glyphosate 420 + 840 85 A    a 68 A b 55 AB  b 93 A a 76 A b 54 C      c 46 B     b 70 B   a 60 A   ab 

Dicamba + glyphosate 560 +840 70 AB ab 80 A a 63 A    b 95 A a 75 A b 64 ABC b 59 AB 73 AB 59 AB 

Dicamba + glyphosate 840 +840 84 A    a 76 A ab 60 AB  b 93 A a 84 A ab 75 A      b 65 Ab 85 AB a 70 A   ab 
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Table 2.16. Mean visual response of horseweed to various herbicide treatments in 2014. Locations in Missouri included Columbia (central), Novelty 
(northeast) and Portageville (southeast). Visual ratings (0 = no control and 100 = complete plant death) were recorded 28 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 

 

 

  ––––––––– Columbia ––––––––– ––––––––– Novelty –––––––––– –––––––– Portageville –––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) –––––––––––––––––––––––––––––––––––– % Visual control ––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 14 Cb 10 C   8 C   8 C    8 D   5 C 16 D ac   6 D   ab   5 C b 

2, 4-D + glyphosate 560 + 840 88 AB a 75 B b 60 B   c 66 B a 60 C   a 50 B b 65 C a 64 C   a 48 B b 

2, 4-D + glyphosate 840 + 840 88 AB a 76 B b 60 B   c 78 A a 69 BC a 59 B b 77 B a 67 C   b 53 B c 

2, 4-D + glyphosate 1,120 +840 93 AB a 88 A a 65 AB b 82 A a 70 B   b 58 B c 77 B 73 BC 78 A 

Dicamba + glyphosate 420 + 840 84 B   a 87 A a 67 AB b 80 A 75 AB 73 A 83 AB 81 AB 77 A 

Dicamba + glyphosate 560 + 840 87 A   a 92 A a 71 A   b 84 A a 80 A   ab 71 A b 88 A  a 82 AB ab 75 A b 

Dicamba + glyphosate 840 + 840 94 A   a 87 A a 73 A   b 77 A 82 A 76 A 92 A  a 84 A   ab 76 A b 
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Table 2.17. Mean visual response of horseweed to various herbicide treatments in 2013. Locations in Missouri included Novelty (northeast), Portageville 
(southeast) and Williamsburg (east central). Visual ratings (0 = no control and 100 = complete plant death) were recorded 35 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lower case letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
dNo rating data recorded for 35 DAT at the Williamsburg location. 
 

 

 

  ––––––––––––– Novelty ––––––––––– ––––––––––– Portageville –––––––––– ––––––––– Williamsburg ––––––––––– 

  –––––––––––––––––––––––––––––––––––––––––– cm –––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40d 

Treatmenta (g ae ha-1) ––––––––––––––––––––––––––––––––––––––––––––– % Visual control –––––––––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 19   Cb   9   C 10   C 41   B ac 23   B ab    8  D b   8   E 20   C - 

2, 4-D + glyphosate  560 + 840 67   B   a 21   BC b 36   B b 93   A a 70   A b 60   C     b 30   D  b 53   B a - 

2, 4-D + glyphosate 840 + 840 68   B   a 33   B   b 40   B b 100 A a 70   A b 70   ABC b 55   BC b 83   A a - 

2, 4-D + glyphosate 1,120 + 840 79   AB a 39   B   b 50   B b 95   A a 83   A ab 74   ABC b 70   AB 85   A - 

Dicamba + glyphosate 420 + 840 91   A 80   A 78   A 99   A a 73   A b 64   BC   b 48   CD b 78   A a - 

Dicamba + glyphosate 560 + 840 89   A 88   A 80   A 98   A a 68   A b 80   AB   ab 59   BC 79   A - 

Dicamba + glyphosate 840 + 840 93   A 88   A 79   A 96   A 83   A 84   AB 79   A 93   A - 
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Table 2.18. Mean visual response of horseweed to various herbicide treatments in 2014. Locations in Missouri included Columbia (central), Novelty 
(northeast) and Portageville (southeast). Visual ratings (0 = no control and 100 = complete plant death) were recorded 35 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
bMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
cMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
 

 

 

  ––––––––– Columbia ––––––––– ––––––––– Novelty –––––––––– –––––––– Portageville –––––––– 

  ––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) ––––––––––––––––––––––––––––––––––– % Visual control –––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 11 Db 11 D   8 D   8 D 10 D   8 D 10 E   8 C   6 D 

2, 4-D + glyphosate 560 + 840 87 C   ac 83 B   a 61 C   b 73 C   a 54 C b 48 C b 70 D   a 72 B a 43 C b 

2, 4-D + glyphosate 840 + 840 87 C   a 80 C   a 68 BC b 86 AB a 63 B b 65 B b 81 C   a 69 B b 53 B c 

2, 4-D + glyphosate 1,120 +840 96 AB a 90 AB a 66 C   b 82 B   a 66 B b 65 B b 83 BC a 74 B a 75 A ab 

Dicamba + glyphosate 420 + 840 89 BC a 92 A   a 76 AB b 90 AB a 81 A b 76 A b 91 AB a 85 A a 75 A b 

Dicamba + glyphosate 560 + 840 96 AB a 95 A   a 82 A   b 92 A   a 85 A ab 82 A b 95 A   a 85 A b 75 A c 

Dicamba + glyphosate 840 + 840 98 A   a 91 AB a 80 A   b 93 A   a 86 A ab 83 A a 97 A   a 90 A a 79 A b 
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Table 2.19. Horseweed above-dry weight biomass in response to glyphosate and growth regulator herbicides in 2013. Locations in Missouri 
including Novelty (northeast), Portageville (southeast) and Williamsburg (east central). Observations were recorded 35 days after treatment 
(DAT). 

aPlant dry weights were recorded 28 DAT at Williamsburg. 
bAmmonium sulfate (AMS) at 3,810 g ha-1 was added to all treatments.  
cMeans represent dry weights of above ground tissue on a per plant basis. 
dMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05 
eMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 
  

  ––––––––––––– Novelty ––––––––––– ––––––––––– Portageville –––––––––– ––––––––––– Williamsburg ––––––––– 

  –––––––––––––––––––––––––––––––––––––––––– cm ––––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40a 

Treatmentb (g ae ha-1) ––––––––––––––––––––––––––––––––––––––––––––––– Biomass (g)c –––––––––––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 1.59 Ad  be 2.23 A   ab 2.60  a 0.67 A   b 2.87 A  a 3.89 A   a 0.28  0.50  0.51  

2, 4-D +glyphosate  560 + 840 0.74 AB b 1.61 AB a 2.26 a 0.39 AB b 0.75 B   b 2.74 AB a 0.16  0.49  0.37  

2, 4-D  + glyphosate 840 + 840 0.71 AB ab 1.47 AB ab 1.91 a 0.27 AB b 0.32 C   b 2.34 BC a 0.13  0.34  0.33  

2, 4-D  + glyphosate 1,120 + 840 0.65 AB b 1.64 AB  a 1.85 a 0.00 B   c 0.58 BC b 1.74 BC a 0.12  0.52  0.23  

Dicamba + glyphosate 420 + 840 0.38 B   b 0.91 B    b 2.08 a 0.28 AB b 0.41 BC b 2.20 BC a 0.17  0.18  0.42  

Dicamba + glyphosate 560 + 840 0.76 AB b 1.07 AB  ab 1.94 a 0.34 AB b 0.99 B   a 1.36 BC a 0.14  0.24  0.33  

Dicamba + glyphosate 840 + 840 0.89 AB b 1.06 AB  ab 1.85 a 0.17 AB b 0.74 B   ab 2.18 BC a 0.18  0.20  0.33  
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Table 2.20. Horseweed dry weight biomass in response to glyphosate and growth regulators in 2014. Locations in Missouri including Columbia (central), 
Novelty (northeast) and Portageville (southeast). Observations were recorded 35 days after treatment (DAT). 

aAmmonium sulfate (AMS) at 3, 810 g ha-1 was added to all treatments.  
bMeans represent dry weights of above ground tissue on a per plant basis. 
cMeans within a column followed by the same uppercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05 
dMeans within a location and row followed by the same lowercase letter are not significantly different using Fisher’s Protected LSD at p = 0.05. 

 

  

  ––––––––– Columbia ––––––––– –––––––––– Novelty –––––––––– –––––––– Portageville –––––––– 

  –––––––––––––––––––––––––––––––––––––––––– cm –––––––––––––––––––––––––––––––––––––––––– 

 Rate 10-20 20-30 30-40 10-20 20-30 30-40 10-20 20-30 30-40 

Treatmenta (g ae ha-1) –––––––––––––––––––––––––––––––––––––––––––– Biomass (g)b ––––––––––––––––––––––––––––––––––––––––––– 

Glyphosate 840 1.24 Ac  bd 0.84 b 3.05 A     a 1.99 A ab 1.72 A   b 2.91 A 0.92 A   b 2.31 A   a 2.37 A     a 

2, 4-D + glyphosate  560 + 840 0.54 B   b 0.72 b 2.45 AB   a 1.09 B b 1.72 A   ab 2.10 AB 0.93 A   b 1.42 AB ab 1.73 AB   a 

2, 4-D + glyphosate 840 +840 0.50 BC b 0.78 b 2.16 ABC a 0.56 B c 1.32 AB b 1.56 BC 0.46 B   b 1.14 BC a 1.30 BCD a 

2, 4-D + glyphosate 1,120 + 840 0.30 BC c 0.79 b 1.83 BCD a 0.83 B 1.45 AB 1.18 BC 0.40 B   b 0.76 BC b 1.53 ABC a 

Dicamba + glyphosate 420 +840 0.21 C   c 0.79 b 1.42 D     a 0.66 B b 1.19 AB ab 1.83 BC 0.55 AB 0.71 C 0.88 CD 

Dicamba + glyphosate 560 + 840 0.37 BC b 0.87 ab 1.23 D     a 0.56 B b 0.93 B   b 1.73 BC 0.32 B   b 0.58 C   ab 0.88 CD   a 

Dicamba + glyphosate 840 + 840 0.18 C   b 0.49 b 1.13 D     a 0.70 B 1.16 AB 1.04 C 0.23 B   b 0.70 C   ab 0.76 D     a 
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Table 2.21. Orthogonal contrast of 2,4-D and dicamba activity (visual control as well as plant biomass) on horseweed in 2013 and 2014. Locations included 
Novelty (northeast), Portageville (southeast) and Williamsburg (east central), Missouri in 2013. In 2014 locations across Missouri included Columbia 
(central), Novelty and Portageville. Prior to analysis, data were combined across chemical rates, site years, and growth stage comparison were based upon 
36 observations. Visual ratings (0 = no control and 100 = complete plant death) and plant biomass was recorded 35 days after treatment (DAT). 

aWilliamsburg was not included in 2013 for the 35 DAT visual control rating.  
bOrthogonal contrast between all 2,4-D and dicamba rates at a particular stage. Single asterisk indicates the contrast is significant at p = 0.05.  

cOrthogonal contrast between all 2,4-D and dicamba rates at a particular stage. Double asterisk indicates the contrast is significant at p = 0.05. 
dPlant biomass consisted of above ground plant dry weight on a per plant basis. 

 
 

 

 ––––––––––––––––– 2013a ––––––––––––––––––– ––––––––––––––––– 2014 –––––––––––––––––– 

 –––––––––––––––––––––––––––––––––––––––––– cm –––––––––––––––––––––––––––––––––––––––– 

 10-20 20-30 30-40 10-20 20-30 30-40 

% Visual control (2,4-D vs. dicamba) 73.0 vs 83.6**bc 59.7 vs. 81.1** 55 vs. 77.5** 82.8 vs. 93.4** 72.3 vs. 87.8** 60.4 vs. 78.7** 

Biomass (g) (2,4-D vs. dicamba)d 0.35 vs. 0.37 0.86 vs. 0.64 1.53 vs. 1.41 0.62 vs. 0.42** 1.12 vs. 0.82* 1.76 vs. 1.21* 
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Table 2.22. Orthogonal contrast of 2,4-D and dicamba activity (visual control as well as plant biomass) on 
horseweed in 2013 and 2014. Locations included Novelty (northeast), Portageville (southeast) and 
Williamsburg (east central), Missouri in 2013. In 2014 locations across Missouri included Columbia 
(central), Novelty and Portageville. Prior to analysis, data were combined across years, chemical rates, site 
years, and growth stage. Visual control was 0 = no control and 100 = plant death and plant biomass was 
recorded 35 days after treatment (DAT). Each comparison was based upon 72 observations 

aWilliamsburg was not included in 2013 for the 35 DAT visual control rating.  
bOrthogonal contrast between all 2,4-D and dicamba rates at a particular stage. Single asterisk indicates 
the contrast is significant at p = 0.05.  

cOrthogonal contrast between all 2,4-D and dicamba rates at a particular stage. Double asterisk indicates 
the contrast is significant at p = 0.01. 
dPlant biomass consisted of above ground plant dry weight on a per plant basis. 

 

 

 

 

 

 

 

 

 

 

 

 

 –––––––––––––––––––– cm –––––––––––––––––––––– 

 10-20 20-30 30-40a 

% Visual control (2,4-D vs. dicamba) 77.9 vs. 88.5**bc 66.0 vs. 84.5** 57.7 vs. 78.1** 

Biomass (g) (2,4-D vs. dicamba)d 0.49 vs. 0.40 0.99 vs. 0.73* 1.65 vs. 1.31* 
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CHAPTER 3: EMERGENCE PATTERNS OF HORSEWEED (CONYZA 
CANADENSIS (L.) CRONQ.) IN MISSOURI 

Joseph D. Bolte and Reid J. Smeda 

Abstract 

Horseweed (Conyza canadensis (L.) Cronq.) is viewed widely as a winter annual, 

emerging primarily in the fall. Recently, horseweed has appeared to emerge later in the 

spring, complicating management. The purpose of this study was to document the 

emergence pattern of numerous horseweed populations in the fall through the 

following summer, and to determine if sensitivity to glyphosate was related to 

emergence timing. In the fall of 2013 and 2014, twelve horseweed populations were 

collected across MO. Field trials were established in September at Columbia (central) 

and Portageville (southeast), MO with up to 2,500 seeds placed in distinct plots. 

Horseweed seedlings were removed following weekly counts from one-half of the plot 

(treated), while seedlings were undisturbed in the other half (untreated). In 2013, fall 

(October to December) emergence in untreated plots comprised 68.2 and 30.8% of the 

total emergence at Columbia and Portageville, respectively. In 2014, fall emergence 

represented 4.1 and 48.2% of the total emergence at Columbia and Portageville, 

respectively. Differences in emergence between populations at a location were 

negligible. Horseweed emergence patterns were similar between glyphosate resistant 

(GR) and glyphosate susceptible (GS) populations, suggesting glyphosate has not 
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selected for populations with variable emergence patterns. Emergence did not occur 

when soil temperatures were below 5 C. Horseweed emerged over a 246 day period, 

with the timing of emergence dependent on soil temperature. Extended emergence of 

horseweed necessitates development of multi-step management practices for 

horseweed. 

Nomenclature: Horseweed (Conyza canadensis (L.) Cronq. ERICA), emergence, 

tetrazolium. 

Keywords: Glyphosate-resistant, seed germination. 

Introduction 

Horseweed (Conyza canadensis (L.) Cronq.) is native to North America and is 

found commonly in agronomic fields as well as non-crop habitats. Plants emerge in the 

fall, overwinter as a rosette and bolt in the spring (Weaver 2001). Mature plants can 

produce up to 1,340,000 seeds per plant (Kruger et al. 2010). Wind disseminates mature 

seed up to 550 km (Shields et al. 2006) from source plants. However, 99% of the seeds 

can be found within 6 m of the seed source (Regehr and Bazzaz 1979). 

Horseweed seed germinates rapidly upon reaching a favorable location and is 

influenced by air temperature and seed placement in the soil. In a growth chamber, 

Nandula et al. (2006) found that 60% of horseweed seed germinated 7 days after 

planting following exposure to a maximum/minimum air temperature of 24/20 C. At air 

temperatures of 36/30 C and 12/6 C, germination was 13 and 0%, respectively. In 

addition to optimum air temperature, depth of seed placement in the soil is also 

important. Approximately 14 days after planting, 96% of horseweed germination 
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occurred on the soil surface while no emergence occurred at depths greater than 0.25 

cm (Nandula et al. 2006). With the greatest germination occurring on the soil surface, 

horseweed germination is heavily impacted by tillage. In a cover crop study, Brown and 

Whitwell (1988) reported under no-till conditions that horseweed emergence was 6, 29 

and 3.5 plants per m-2 in 1981, 1982, and 1983, respectively. In contrast, areas disked in 

the fall exhibited horseweed densities of 0, 0.5 and 0.5 plants per m-2 in the respective 

areas. Kapusta and Krausz (1993) reported up to 188 plants m-2 in no-till soybean. 

However, no horseweed was found in conventional or reduced tillage areas. 

Because horseweed is prevalent in undisturbed areas, management typically 

involves herbicides. Following the introduction of glyphosate-tolerant soybean in 1996 

(Young 2006), areas planted with modified plants exceeded 93% of the U.S acreage 

(University of Missouri 2015). Glyphosate is the dominant herbicide for control of weeds 

in soybean (Young 2006).  

Following repeated use of primarily glyphosate, resistant horseweed was 

selected. In DE, VanGessel (2001) reported a 50% biomass reduction of a glyphosate-

resistant (GR) horseweed biotype required up to a 13-fold increase in glyphosate 

compared to the least sensitive biotype. Today, 24 states and 11 countries have 

reported GR horseweed (Heap 2015).  

Traditionally, horseweed emerged primarily in the fall, but recently spring 

emergence is more evident. In IL, Regehr and Bazzaz (1979) found horseweed densities 

following fall emergence averaged 163 plants m-2 versus densities of 10 plants m-2 for 

only spring emerging plants. Spring emergence was minimal and only occurred at two of 
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the four locations. Fall emerged plants contributed to 99.7% of the total seed produced. 

More recently, Tozzi and Acker (2014) in Canada, found horseweed emergence in the 

fall occurred from August 27th to September 9th, with densities of up to 448.4 plants m-2. 

However, some spring emergence was observed from May 14th to May 21st; with up to 

41.8 plants m-2. Horseweed emergence has also been reported into the summer. In IN, 

Davis and Johnson (2008) reported no fall emergence in 2003, and fall emergence in 

2004 only contributed to 8% of the horseweed population by spring of 2005. Emergence 

patterns were sporadic; no emergence occurred in the fall of 2006, but up to 245 plants 

m-2 were counted in the fall of 2007 (Davis et al. 2010). By the spring of 2008, spring 

emerged horseweed accounted for 95 and 100% of the total horseweed population at 

the Murphysboro and Southeast Purdue Agricultural Center (SPAC) locations, 

respectively. In IA and MN, Buhler and Owen (1997) reported spring emergence 

accounted for 5 to 32% of the total horseweed population. High spring emergence was 

attributed to the removal of fall emerged plants, allowing plants to germinate in the 

spring. Higher spring emergence may also have been influenced by soil moisture. In 

1994, horseweed emergence was recorded at the end of May when soil moisture was 

prevalent. Horseweed peak emergence in the fall occurs in September and October, 

while peak emergence in the spring occurs from April through June and was not 

correlated to weather (Main et al. 2006).  

Shifts in horseweed emergence patterns from fall to spring may result from 

changes in environmental conditions. A comparison of emergence patterns for 

horseweed populations collected from different areas may allow the identification of 
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factors (weather or geography) that may contribute to emergence. The objective of this 

study was to determine the pattern of horseweed emergence for populations 

originating from variable locations and differential responses to glyphosate. 

Materials and Methods 

In-Field Germination Study 

In the fall of 2013 and 2014, horseweed seed was collected from 12 sites across 

a north to south transit of 538 km across Missouri (Tables 3.1 and 3.2, Figures 3.1). Sites 

for seed collection were selected to represent diverse areas. Some populations were 

selected based upon their suspected sensitivity to glyphosate. In both years, 40 to 300 

seed heads from distinct plants were sampled from each location. Seed heads were 

placed in paper bags (Uline®; Pleasant Prairie, WI) and stored in the greenhouse for 48 

hours to allow seeds to mature. Seeds were shaken from plants, air dried and stored at 

4 C. 

To determine initial seed viability, a tetrazolium assay was conducted. The 

methodology from Wu et al. (2007) on flaxleaf fleabane (Conyza bonariensis (L.) 

Cronquist) was modified for horseweed. From each population, 45 seeds were randomly 

selected, pierced with a needle and soaked 18 h in 0.5% solution of 2, 3, 5-

triphenyltetrazolium chloride (Sigma®: St. Louis, MO) at 38 C. Seeds were rinsed with 

deionized water and examined under a compound microscope at a 15x magnification. 

Seed embryos that stained light pink to red (Figure 3.2A) were considered viable and 

non-stained seed were considered non-viable (Figure 3.2B). Percent viability was 

calculated for each population (Tables 3.1 and 3.2).  
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An assay in a greenhouse was also performed to estimate seed germination 

under ideal conditions. In 26 by 52 cm polypropylene containers, 100 seeds from each 

population were placed on the surface of Pro-Mix© BX (Premier Tech: Riviѐre-du-Loup, 

Quѐbec, Canada) medium. Seedling emergence was recorded weekly and seedlings 

were removed (Tables 3.1 and 3.2). Plants were provided supplemental lighting to 

create a 13 h daylength, with an average light intensity of 259 µmol m-2 s-1. Greenhouse 

air temperatures ranged 25 to 31 C. The experimental design was a randomized 

complete block design with four replications. In 2013, populations six, seven and eleven 

poorly germinated. Therefore, emergence for these populations was recorded, but data 

were not utilized in the analyses. 

All horseweed populations were assessed for sensitivity to glyphosate. Rosettes 

were established in 10 cm2 diameter pots with 100% Pro-mix (Premier Tech: Riviѐre-du-

Loup, Quѐbec, Canada) medium. Supplemental lighting generated a 13 h daylength with 

an average intensity of 553 µmol photon m-2 s-1. Greenhouse air temperatures ranged 

25 to 31 C. Glyphosate was applied at 840 and 2,520 g ae ha-1 to represent a 1x and 3x 

rate, respectively. For each rate, 7 to 20 plants from each population were screened. 

Treatments were applied with a hydraulic sprayer at a spray volume of 140 L ha-1 using 

XR8001E noozle tips at 200 kPa. At 21 days after treatment (DAT), visual control as well 

as plant fresh and dry weights were recorded. Populations with plants exhibiting less 

than 50% visual control (0 = no control and 100 = plant death) were considered GR 

(Tables 3.3 and 3.4). 
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Field trials were established in the fall of 2013 and 2014 at two sites in Missouri. 

One trial was located at the Lee Research Center (36.39°N, 89.62°W) near Portageville 

(southeast) and a second location at the Bradford Research and Extension Center 

(38.89°N, 92.20°W) near Columbia (central). Soil types consisted of a Leonard silt loam 

(fine, smectitic, mesic Vertic Epiaqualfs) and Tiptonville silt loam (Fine, silty mixed, 

superactive, thermic Oxyaquic Argiudolls) for Columbia and Portageville, respectively. 

The Columbia soil in 2013 had a pH of 5.7 and an organic matter content of 1.9%. In 

2014, the Columbia soil had a pH of 7.1 and a soil organic matter content of 2.1%. The 

Portageville soil in 2013 had a pH of 5.6 and an organic matter content of 1.9%. In 2014, 

the Portageville soil had a pH of 5.3 and an organic matter content of 2.0%. Prior to 

initiating emergence trials, soil was disked at Portageville and a rotary tiller was used at 

Columbia. Prior to planting, plots were sprayed with 1260 g ae ha-1 of glyphosate and 

594 g ai ha-1 of glufosinate to remove weeds that escaped tillage. The spray volume was 

140 L ha-1 at 117 kPa using XR8002 nozzle tips at 4.8 km hour-1. Plots were 2 by 1 m and 

were sub-divided (randomly) into 1 by 1 m plots (treated and untreated). In the 

untreated plots, no disturbance of seedlings occurred throughout the study. Horseweed 

in the treated area was removed after each recording either by hand pulling or an 

application of up to 560 g ai ha-1 paraquat plus 1% v/v of crop oil concentrate (COC). 

Applications were made with a CO2 pressurized backpack sprayer at a spray volume of 

187 L ha-1 and 213 kPa using XR8002 (Teejet®; Spraying Systems Co. Wheatland, IL) 

nozzle tips at 4.8 km hour-1.   
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Prior to trial establishment, 1,500 seeds of each population were mixed with 

sawdust and spread to ensure uniformly on each 1 m2 plot. Straw was placed on top of 

the seed and represented 35% coverage of the soil surface. A control (sawdust and 

straw but no seed) was established at each site year to document emergence from 

natural seed deposited on plots. Emergence in control plots was recorded similar to 

other plots, but was not utilized in data analyses. 

Trials were established in later September in 2013 and 2014. In 2013, the 

Columbia location was seeded on September 16th through 18th. Following seeding, 7.8 

cm of water was added to each plot to stimulate emergence. In the fall of 2014, 

establishment of horseweed at Columbia was challenging. Seeds were established on 

September 22, 3.9 cm of water was added to initiate germination. However, from 

October 1 through October 2, 12.6 cm of rainfall occurred, flooding the first two 

replications. On October 20th, 1,000 additional seeds were placed on both the treated 

and untreated plots of the third, fourth and fifth replications. In addition, a new area 

was sprayed and 2,000 seeds sown to initiate three additional replications. Therefore, at 

Columbia in 2014-2015, a total of six replications were used, three from the first 

planting and three from the second planting. At Portageville in 2013, plots were seeded 

on September 21st and 3.8 cm of water was added to initiate emergence. In 2014 at 

Portageville, vegetation that escaped tillage was treated with 594 g ha-1 of glufosinate, 

210 g ai ha-1 of clethodim and 1% v/v of COC using equipment described above. In 2014 

horseweed seeds were spread on September 27 and followed by 3.8 cm of water. The 

design of each trial was a randomized complete block design with five replications. 
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Emergence counts were conducted by splitting a 1 m2 into nine equal quadrants. 

The nine equal quadrants were summed to a 1 m2 basis. Horseweed plants were 

considered germinated when cotyledons were visible. 

At each location, soil temperature and moisture were recorded at a depth of 5.1 

cm below the soil surface using Hobo® Soil Moisture Smart Sensor, 12-bit Temp Sensor 

and data loggers (Onset®; Bourne, MA) (Figures 3.3 and 3.4). Air temperature and 

precipitation were recorded using available data from adjacent University of Missouri 

weather stations from September through July of the following year in both 2013 and 

2014. Data were computed to generate weekly mean temperature and cumulative 

precipitation (Tables 3.5 and 3.6). 

Statistics 

For trials assessing horseweed emergence, population and season (September 

through December = fall; March through July = spring) were considered fixed effects. 

Data were not combined over years because of varying environmental conditions. 

Treated and untreated plots were analyzed separately. An ANOVA was conducted using 

PROC GLIMMIX in SAS 9.4 (SAS Institute Inc., Carey, NC) and means were separated 

using Fisher’s Protected LSD at p = 0.05. 

For determining the influence of glyphosate sensitivity on horseweed, fixed 

effects were factorially arranged by glyphosate sensitivity (GR and glyphosate 

susceptible (GS)) and season. An ANOVA was conducted using PROC GLIMMIX in SAS 9.4 

and means were separated using Fisher’s Protected LSD at p = 0.05. Denominator of F 

for testing glyphosate sensitivity was replication within population for mean square. The 
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denominator of F for testing season, the interaction of glyphosate sensitivity times 

season, is the residual for means square. Denominator of F for testing population was 

replication within population for mean square. The denominator of F for testing season, 

the interaction of population times season, is the residual for means square. 

Results and Discussion 

For all four site years, horseweed emergence began in September and continued 

until the following July (Tables 3.7 to 3.14). In untreated plots, emergence was detected 

over a 197, 215, 163 and 246 day period at Columbia and Portageville in 2013-2014 as 

well as Columbia and Portageville in 2014-2015, respectively. In treated plots, 

emergence occurred over a 135, 184, 163 and 184 day period at Columbia and 

Portageville in 2013-2014 as well as Columbia and Portageville in 2014-2015, 

respectively. Across site years, up to 22.4% of the total possible seedlings emerged 

throughout the study in untreated plots. In treated plots, up to 14% of the total seeds 

planted emerged throughout the study. 

Emergence was observed for all horseweed populations, but the number of 

seedlings varied within a population at each recording timing (Tables 3.7 to 3.14). In 

untreated plots, population 2 resulted in the greatest seedling emergence compared to 

other populations with up to 38.3% of the total emergence at a specific date of 

assessment in 2013-2014. In 2014-2015, population 7 resulted in the greatest 

emergence, with up to 47.9% of the total emergence. In treated plots, population 1 was 

the greatest compared to other populations. Up to 65.5% of total emergence occurred 

at an emergence recording in 2013-2014 for population 1. In 2014-2015, population 7 
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emergence at an emergence recording was the greatest with up to 63% of the total 

emergence (Tables 3.7 to 3.10). Across all site years in untreated plots, population 2 

resulted in the greatest seedling emergence compared to other populations; up to 188 

plants m-2 emerged at Portageville in 2013-2014. However, overall emergence was low 

compared to the amount of seed spread. Population 2 had less than 2% emergence 

compared to the total seeds spread throughout the study at Columbia in 2014-2015. In 

treated plots, up to 105.4 plants m-2 emerged at an emergence recording for population 

2. However, population 1 in 2014-2015 at Columbia had less than 1% of the total seeds 

planted emerged throughout the study (Tables 3.11 to 3.14).  

Between horseweed populations, emergence was variable between assessment 

dates (Figures 3.5 and 3.6). At Columbia in 2013, emergence was noted primarily from 

September to December (68.2% of total emerged). However, emergence was much 

greater from March to July vs. fall emergence at Columbia (95.9% of total emerged) in 

2014-2015 and Portageville (68.7% of total emerged) in 2013-2014. Across all site years, 

emergence was detected at each emergence recording in untreated plots (Figures 3.5A 

and 3.6A). In 2014-2015, emergence in June and July was detected at both locations in 

treated plots, but at very low rates (less than 2% of total). However, no emergence was 

detected in July at Columbia in 2013-2014 (Figures 3.5B and 3.6B). 

In treated plots, seedling establishment was rapid in the fall and overall higher 

compared to spring emergence for all site years except Columbia 2014-2015 (Tables 3.7 

to 3.10). Up to 98% of the total emergence occurred in the fall for treated plots. 
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Averaged across populations, up to 60% of the total emergence occurred at a specific 

date of assessing emergence in treated plots (Figures 3.5B and 3.6B).  

Averaged across populations, seasonal emergence patterns at each site year 

changed (Figures 3.7 and 3.8). Significant differences between fall and spring emergence 

in untreated plots were observed, except for Portageville in 2014-2015. In 2013-2014, 

fall emergence at Columbia was 36.4% greater than spring emergence. Emergence at 

Portageville was 37.4% greater in the spring versus fall. In 2014-2015, spring emergence 

at Columbia and Portageville was up to 91.8 and 3.6% greater versus fall emergence, 

respectively. However, only spring emergence at Columbia was significant compared to 

fall emergence in 2014-2015 (Figures 3.7A and 3.8A). In the treated plots, up to a 96% 

difference in fall and spring emergence was observed. Fall emergence was significant 

compared to spring emergence for all site years except Columbia 2014-2015 (Figures 

3.7B and 3.8B). 

 Horseweed sensitivity to glyphosate did not influence the timing of emergence 

(Figures 3.9 and 3.10). Fall and spring emergence of GR versus GS populations were not 

significant in untreated areas except for Portageville in 2013-2014 (Figure 3.9A). 

Differences in fall and spring emergence of GR versus GS populations at Columbia were 

less than 2% for both years (Figures 3.9A and 3.10A). Differences in fall and spring 

emergence of GR versus GS populations were less than 11.0% at Portageville for both 

years (Figures 3.9A and 3.10A). Fall or spring emergence of GR versus GS populations 

were not significant in treated plots (Figures 3.9B and 3.10B). Across site years, 



 

89 
 

differences in fall and spring emergence between GR and GS populations were less than 

6.3%. 

Within site years, emergence characteristics among populations were similar 

(Tables 3.15 and 3.16). For both years, differences in fall and spring emergence between 

populations at Columbia were less than 16% in untreated plots. In 2013-2014 as well as 

2014-2015, differences in fall or spring emergence between populations were not 

significant in the untreated plots. Variation in emergence between populations was 

greater at Portageville for both years. In the untreated plot, the greatest differences 

between populations occurred between populations 2 and 5 in 2013-2014 at 

Portageville. Fall emergence of population 2 was 31% greater than population 5. 

However, in 2014-2015 fall emergence of population 9 was 30% greater than population 

4 at Portageville. In the treated plots, significant differences between populations 

occurred for all site years except at Columbia in 2014-2015. The greatest difference in 

fall emergence between populations occurred at Portageville in 2013-2014. Fall 

emergence of population 1 was 30% greater than emergence of population 9 at 

Portageville in 2013-2014. 

Soil temperature and moisture varied throughout the study across all site years 

(Figures 3.3 and 3.4). Emergence in the fall occurred when soil temperatures 

approximately ranged 3 to 27. C for both locations. Soil temperatures during the months 

of December, January and February fell below 0 C for both locations. In the spring, soil 

temperatures began to rise above 5 C by March at Columbia. However, soil 
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temperatures began to rise above 5 C by February at Portageville in 2013-2014. 

Throughout the study, soil moisture was available for all site years.  

 Independent of plot maintenance (untreated vs treated), emergence patterns at 

each site year varied by season (Table 3.17). In untreated and treated plots at Columbia, 

emergence across populations was similar for both years. At Portageville, emergence 

across populations was not similar for both years in untreated and treated plots except 

for treated plots in 2013 and 2014.  

The variation in emergence pattern for GR and GS populations did not depend 

on location and plot maintenance (Table 3.18). In all site years, the seasonal emergence 

pattern for GR and GS was similar in untreated and treated plots. 

 Horseweed emergence was substantially lower in treated versus untreated plots. 

Because treated plots represent a type of soil disturbance that is not consistent with 

natural emergence patterns of horseweed, the discussion will focus primarily on data 

generated in untreated plots. 

 Horseweed emergence occurs over a significant period of time following 

placement of seed in a favorable environment. Main et al. (2006) reported horseweed 

emergence occurred over a nine month period. Seasonal differences in emergence 

varied with location. At three locations, emergence either occurred primarily in the fall, 

spring, or equally in the fall and spring. For a population in IN, horseweed emerging in 

the spring contributed up to 90% of the total horseweed population (Davis and Johnson 

2008). Buhler and Owen (1997) reported horseweed emergence occurred through July 
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5th. In this research, across multiple Missouri populations at two locations, emergence 

of horseweed occurred over an 8 month period.  

Emergence of horseweed depends upon sufficient soil moisture and optimum 

soil temperature. In IA and MN, Buhler and Owen (1997) found emergence in June was 

dependent on soil moisture. Horseweed cumulative emergence increased from 

approximately 30 plants m-2 in May to 60 plants m-2 in June following 23 cm of rain.  

However at other site years, lower soil moisture and rainfall resulted in no emergence in 

June. Nandula et al. (2006) reported maximum germination occurred when air 

temperatures ranged from 20 to 24 C. In this research, peak emergence occurred when 

soil temperatures were approximately 8 to 25 C. Lower soil temperatures (<8 C) resulted 

in reduced emergence in the fall. Spring emergence occurred when soil temperatures 

exceeded 8 C. Soil moisture may have influenced the extended emergence in June and 

July at Portageville in 2013-2014 and Columbia in 2014-2015. Portageville in 2013-2014 

and Columbia 2014-2015 had greater soil moisture compared to other site years. This 

may have contributed to greater emergence in June and July. 

Sensitivity to glyphosate did not appear to influence emergence. Mechanisms of 

resistance that evolve in GR plants (Powles 2008) allow survival to glyphosate, and are 

not related to a seed emergence patterns. Changes in emergence would allow plants to 

escape a typical timing when glyphosate is applied. In this research, modification of 

horseweed sensitivity to glyphosate did not influence emergence patterns for three of 

the four site years. The largest difference in emergence of GR versus GS populations in a 

season was less than 11.0% of the total emergence. 
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A broad period of horseweed emergence has management implications for 

agronomic producers. Similar to evolution of herbicide resistance in horseweed 

(VanGessel 2001, Zheng et al. 2011), control of GR horseweed requires modification to 

tillage practices or integration of additional POST herbicides for effective management 

(Byker et al. 2013; Steckel et al. 2006). Shrestha et al. (2010) reported GR horseweed 

seed development occurred three to four weeks sooner than GS. However, plant 

biomass of GS horseweed was approximately 40% greater than GS horseweed. This 

contradicts Nandula et al. (2015) who reported shoot biomass to be greater for GR 

versus GS horseweed. Nandula et al. (2015) also reported GS horseweed flowered 

sooner under various conditions compared to GR horseweed. The number of leaves per 

plant was less for GS versus GR horseweed when light intensity was reduced (Alcorta et 

al. 2011). However, changes in patterns of horseweed emergence can have equal or 

even greater implications for management. 

 Though horseweed is traditionally viewed as a winter annual, the seed have a 

propensity to emerge in both fall and spring. Populations of horseweed collected from 

distinct geographical areas exhibited similar characteristics for emergence when placed 

under the same environmental conditions. Environmental conditions can shift 

emergence patterns, increasing the potential for seedlings to survive management 

techniques. These data suggest Mid-west growers should consider managing horseweed 

prior to crop establishment in the spring. In addition, however management of seedlings 

emerging during the growing season should be considered to preclude seed 

development.  
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Table 3.1. Location for 12 populations of horseweed collected across Missouri in the fall 
of 2013. Seed viability was assessed under laboratory conditions and a germination 
assay was conducted in the greenhouse. Means of percent viability and germination was 
conducted each year. Standard deviation of the mean followed the ±. 

aSeed viability was based upon a tetrazolium assay. 
 
 
 
 
  

 
 

Population 

 
GPS 

coordinate 

 
 

County 

 
Seed 

harvest date 

Mean 
viability 

  (%)a 

Mean 
germination 

  (%) 

1 36.39°N,               
89.62°W 

Pemiscot 09-07  12.7 ±   8.7 14.3 ±    8.7 

2 37.40°N,                      
91.45°W 

Shannon 09-07  75.0 ±   9.7 69.0 ± 34.4 

3 37.48°N,                      
89.66°W 

Cape 
Girardeau 

09-11  28.2 ±   4.9 14.8 ±    4.6 

4 38.20°N,             
91.95°W 

Maries 09-07  10.0 ±   5.9 10.0 ±    5.0 

5 38.37°N,           
90.66°W 

Jefferson 09-11  28.9 ± 15.1 19.8 ±    4.3 

6 38.68°N,          
92.25°W 

Boone 09-07   3.7 ±   1.2     0    ±    0 

7 38.89°N,            
92.20°W 

Boone 09-11    0.7 ±   1.5   1.0 ±    0.8 

8 38.92°N,          
91.71°W 

Callaway 09-11  21.6 ±   8.4 11.0 ±    4.7 

9 38.96°N,             
92.20°W 

Boone 09-11    7.9 ±   3.1   6.0 ±     0.9 

10 39.16°N,           
92.69°W 

Howard 09-11  34.6 ±   4.9   5.5 ±     1.0 

11 40.03°N,            
92.19°W 

Knox 09-13    8.5 ±  6.7   1.8 ±     1.3 

12 40.28°N,         
93.33°W 

Sullivan 09-13  38.5 ±  7.8 25.0 ±     2.2 
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Table 3.2. Location for 12 populations of horseweed collected across Missouri in the fall 
of 2014. Seed viability was assessed under laboratory conditions and a germination 
assay was conducted in the greenhouse. Means of percent viability and germination was 
conducted each year. Standard deviation of the mean followed the ±. 

aSeed viability was based upon a tetrazolium assay. 
 

 

 
 

Population 

 
GPS 

coordinate 

 
 

County 

 
Seed 

harvest date 

Mean 
viability 

  (%)a 

Mean  
germination 

  (%) 

1 36.39°N,               
89.62°W 

Pemiscot 09-05 26.4 ±    8.5 14.3 ±   6.8 

2 37.40°N,                      
91.45°W 

Shannon 09-05  
 

63.1 ±    8.1 37.8 ±   1.7 

3 37.50°N,                      
89.68°W 

Cape 
Girardeau 

09-05  
 

48.3 ±   6.0 16.0 ±   2.9 

4 38.30°N,             
92.03°W 

Osage 09-11  
 

13.2 ±   6.5   3.8 ±   1.0 

5 38.37°N           
90.67°N 

Jefferson 09-01  
 

73.6 ±   1.9 37.3 ±   6.2 

6 38.68°N,          
92.25°W 

Boone 08-25  
 

79.8 ±   6.8 26.3 ± 10.4 

7 38.89°N,            
92.20°W 

Boone 09-09  
 

49.7 ± 12.1   7.0 ±   5.7 

8 38.92°N,          
91.71°W 

Callaway 09-17  
 

66.5 ± 13.8 23.8 ±   3.8 

9 38.96°N,             
92.20°W 

Boone 08-25  
 

78.2 ±    7.8 43.8 ±   5.7 

10 39.16°N,           
92.69°W 

Howard 08-25  
 

78.3 ±    5.7 51.5 ±   6.5 

11 40.02°N,            
92.19°W 

Knox 09-17  
 

73.9 ±    4.9 17.3 ±   3.3 

12 40.28°N,         
93.33°W 

Sullivan 09-17  
 

51.1 ±    7.7 24.3 ±    7.4 
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Table 3.3. Response of horseweed rosettes to glyphosate from seed collected at 12 distinct locations in fall 2013. Visual control 
(0 = no control and 100 = plant death), as well as individual plant shoot fresh and dry weight were recorded by 21 DAT. 
Populations exhibiting less than 50% visual control with a 3x rate were considered glyphosate-resistant (GR). Populations with 
greater than 50% visual control when treated with a 3x rate were considered glyphosate-susceptible (GS). Standard deviation 
of the mean followed the ±. 

aA 1x rate contained 840 g ae ha-1 glyphosate. 
bA 3x rate contained 2,520 g ae ha-1 glyphosate. 
cPlant fresh weight was calculated as the percent of fresh weight from biomass means of the untreated control. 
dPlant dry weight was calculated as the percent of dry weight from biomass means of the untreated control. 
ePoor seed quality resulted in no germination.  

  ––––––––––––––– 1x ratea –––––––––––––– –––––––––––––– 3x rateb ––––––––––––––– 
 
 

Population 

 
Sensitivity to 
Glyphosate 

Visual 
control 

(%) 

Plant fresh 
weight 

 (%)c 

Plant  
dry weight 

 (%)d 

Visual 
control 

(%) 

Plant fresh 
weight 

(%) 

Plant 
dry weight 

(%) 

1 GR    1.7 ±     3.6   99.7 ±   60.3   89.8 ± 75.1   1.3 ±   3.4   70.5 ±   53.5   64.8 ± 68.5 
2 GS 16.8 ±    9.9   56.6 ±   27.9   57.7 ± 27.4 68.0 ± 37.5   20.1 ±   20.3   40.8 ± 21.5 
3 GS 32.0 ± 42.8   71.5 ±   41.6   60.7 ± 46.9 92.8 ± 15.9   41.8 ±   22.6   49.5 ± 31.8 
4 GS 38.5 ± 32.8   94.1 ±   73.0   88.4 ± 86.1 95.5 ± 10.5   36.2 ±   30.5   53.3 ± 48.2 
5 GR    0.8 ±  2.7 128.2 ±   79.3 126.9 ± 78.1 28.7 ± 40.7   86.9 ±   54.4 101.4 ± 67.8 
6 GS -e - - - - - 
7 GR    1.7 ±     4.1 157.5 ± 102.8 104.0 ± 92.6 14.3 ± 37.8 250.5 ± 171.4 120.7 ± 86.2 
8 GR    0.3 ±    1.1 154.6 ±   78.4 104.4 ± 41.2   5.0 ±   7.8 170.6 ±   65.5 123.4 ± 54.1 
9 GS 10.0 ± 24.5   15.8 ±   13.8    61.8 ± 49.7 77.8 ± 40.0      5.8 ±     3.9   30.3 ± 24.4 

10 GS 13.0 ± 20.9   70.3 ±   32.7    67.5 ± 29.5 68.0 ± 30.0   20.3 ±   15.3   26.9 ± 12.2 
11 GR 10.0 ± 28.3 118.2 ±   63.8 142.4 ± 74.8 16.7 ± 31.9 127.7 ±   84.4 128.0 ± 85.1 
12 GR    1.5 ±    2.4   85.0 ±   41.6    97.1 ± 61.3 50.0 ± 33.6   47.2 ±   33.7   62.7 ± 50.6 
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Table 3.4. Response of horseweed rosettes to glyphosate from seed collected at 12 distinct locations in fall 2014. Visual control 
(0 = no control and 100 = plant death), as well as individual plant shoot fresh and dry weight were recorded by 21 DAT. 
Populations exhibiting less than 50% visual control with a 3x rate were considered glyphosate-resistant (GR). Populations with 
greater than 50% visual control when treated with a 3x rate were considered glyphosate-susceptible (GS). Standard deviation 
of the mean followed the ±. 

aA 1x rate contained 840 g ae ha-1 glyphosate. 
bA 3x rate contained 2,520 g ae ha-1 glyphosate. 
cPlant fresh weight was calculated as the percent of fresh weight from biomass means of the untreated control. 
dPlant dry weight was calculated as the percent of dry weight from biomass means of the untreated control. 

 

 

  ––––––––––––––– 1x ratea –––––––––––––– ––––––––––––––– 3x rateb –––––––––––––– 
 
 

Population 

 
Sensitivity to 
Glyphosate 

Visual 
control 

(%) 

Plant fresh 
weight 

 (%)c 

Plant  
dry weight 

 (%)d 

Visual 
control 

(%) 

Plant fresh 
weight 

(%) 

Plant 
dry weight 

 (%) 

1 GR   2.5 ±   3.8   88.5 ± 40.7   84.6 ± 32.6     15.4 ± 25.6   91.0 ± 53.8   99.6 ± 55.4 
2 GS 80.6 ± 33.8   30.0 ± 31.5   35.7 ± 37.5     98.3 ±   7.8   12.7 ± 16.3   15.2 ± 15.2 
3 GS 47.7 ± 40.7    40.6 ± 33.3   50.2 ± 39.1     81.9 ± 36.6   22.0 ± 28.8   32.8 ± 30.5 
4 GR 17.0 ± 35.9   67.7 ± 38.6   70.8 ± 29.2     47.0 ± 38.0   46.5 ± 28.2   61.6 ± 16.4 
5 GS 55.9 ± 40.4   59.0 ± 58.1   70.0 ± 57.2   100.0 ±  0    7.5 ±     5.7   13.4 ± 15.8 
6 GS 23.6 ± 23.6   41.5 ± 23.8   44.4 ± 27.2     93.7 ± 15.4   11.5 ±    9.6   19.2 ± 15.1 
7 GR   1.5 ±   3.3   99.1 ± 49.8 100.0 ± 43.1       1.5 ±   2.4   90.3 ± 20.0   92.8 ± 17.4 
8 GR   5.8 ± 23.5 113.9 ± 45.5 110.2 ± 34.5       1.5 ±   3.7 138.1 ± 54.1 128.8 ± 41.0 
9 GS 28.8 ± 32.4   59.2 ± 59.7   54.0 ± 57.9   100.0 ±   0      4.0 ±    5.7     7.2 ± 13.2 

10 GS 41.5 ± 39.7   38.0 ± 50.0 51.0 ± 60.7     97.3 ±   9.3      5.0 ±    5.2   18.8 ± 23.0 
11 GR   1.7 ±   4.1 209.8 ± 71.5 210.3 ± 89.5     3.3 ±   4.1 107.1 ± 49.0 122.4 ± 45.1 
12 GR   5.5 ± 16.7   64.9 ± 23.7   63.4 ± 22.7   30.0 ± 41.6    54.1 ± 38.4    52.1 ± 27.8 
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Table 3.5. Environmental data for Columbia (central) and Portageville (southeast), 
Missouri from fall 2013 through summer 2014. Daily mean air temperature and 
cumulative precipitation was recorded using University of Missouri weather stations at 
each site. Measurements were recorded bi-weekly. 

 

  

 –––––––––– Columbia –––––––––– ––––––––– Portageville ––––––––– 
   Mean   Total   Mean   Cumulative 
   temperature   precipitation   temperature   precipitation 
Date   (C)   (cm)   (C)   (cm) 

09-15 18.6 3.8 21.5 4.4 
09-29 17.06 2.0 19.7 9.3 
10-13 8.1 1.3 12.9 1.7 
10-27 9.8 6.6 12.9 2.4 
11-10 5.3 1.3 8.9 3.9 
11-24 -0.6 0.0 3.8 5.1 
12-8 -1.9 2.7 3.4 19.5 
12-22 -4.3 1.2 1.1 2.0 
1-5 -3.6 8.9 1.4 4.1 
1-19 -4.3 4.1 -0.5 1.2 
2-2 -9.3 4.8 -3.4 5.1 
2-16 0.4 5.8 6.0 1.5 
3-2 3.2 1.6 4.4 2.1 
3-16 4.3 0.8 8.2 6.1 
3-30 11.3 12.4 14.5 4.4 
4-13 12.9 2.6 15.9 7.0 
4-27 17.0 4.7 19.8 10.1 
5-11 16.6 3.1 20.2 4.5 
5-25 22.6 5.6 24.4 5.8 
6-8 22.0 8.6 24.8 3.8 
6-22 23.6 3.3 24.7 11.7 
7-6 22.4 3.8 24.5 4.1 
7-20 23.0 1.5 23.8 2.5 
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Table 3.6. Environmental data for Columbia (central) and Portageville (southeast), 
Missouri from fall 2014 through summer 2015. Daily mean air temperature and 
cumulative precipitation was recorded using University of Missouri weather stations at 
each site. Measurements were recorded biweekly. 

 

.

 –––––––––– Columbia –––––––––– ––––––––– Portageville ––––––––– 
   Mean   Total   Mean   Cumulative 
   temperature   precipitation   temperature   precipitation 
Date   (C)   (cm)   (C)   (cm) 

09-15 18.6 0.1 19.8 0.8 
09-29 14.5 18.4 19.0 5.4 
10-13 13.9 4.7 15.4 2.7 
10-27 9.0 2.1 10.8 3.7 
11-10 0.0 1.4 4.2 3.3 
11-24 1.6 3.2 6.8 2.1 
12-8 3.2 1.3 5.1 1.1 
12-22 0.2 1.9 4.8 4.5 
1-5 -4.0 0.2 -0.8 1.1 
1-19 2.5 2.0 5.3 2.4 
2-2 -1.5 0.2 1.7 0.0 
2-16 -7.0 1.0 -4.0 6.4 
3-2 6.0 1.1 6.0 13.9 
3-16 7.4 3.5 10.6 2.5 
3-30 14.1 4.3 17.0 5.1 
4-13 13.8 3.8 16.4 8.7 
4-27 17.7 2.2 19.5 3.4 
5-11 16.4 7.3 19.5 7.1 
5-25 19.8 6.0 22.2 7.3 
6-8 24.1 9.6 27.8 3.9 
6-22 23.2 7.6 26.6 1.2 
7-6 24.8 11.5 28.2 4.5 
7-20 25.3 3.3 28.1 1.5 
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Table 3.7. Mean emergence for 12 horseweed populations from Columbia (central) Missouri in 
fall 2013 through summer 2014. At each observation date, mean emergence represents the 
percentage of total horseweed that emerged throughout the study. Emergence was examined 
and followed in undisturbed areas where horseweed was allowed to remain (untreated). 
Emergence was also recorded in areas where horseweed was removed each time following 
counting (treated).  

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 110 seedlings 
were recorded during the trial. 

 
 

  ––––––––––––––––––––––––––– % Of total emergence –––––––––––––––––––––––––– 

  Oct Nov Nov   Apr Apr May May June July   July 

Population Plot  10     1   22    10   30   16   27   17    3    18 

1 Untreated 12.2 38.3 15.6   0 10.6 12.9   2.2   5.4   2.8   0 

 Treateda 19.6 37.2 41.8   0   0   0.7   0   0.7   0   0 

2 Untreated   9.7 51.6   3.8   0   8.1 13.9   0   7.3   5.1   0.5 

 Treated 15.3 50.2 34.2   0   0.3   0   0   0   0   0 

3 Untreated   4.7 38.7 19.0   1.4 15.2   5.2   4.9   7.0   1.7   2.2 

 Treated 14.8 46.3 35.1   0   3.8   0   0   0   0   0 

4 Untreated   3.6 46.7 28.2   0   3.4   8.8   2.3   1.6   5.4   0 

 Treated 11.5 36.2 50.4   0   1.9   0   0   0   0   0 

5 Untreated   3.1 47.2 14.2   0 10.9 12.8   1.5   9.8   0.5   0 

 Treated 16.5 45.3 38.2   0   0   0   0   0   0   0 

6 Untreated   0.6 32.6 38.1   0   8.7 11.7   0.8   4.2   1.9   1.4 

 Treated   1.7 46.2 51.3   0   0.8   0   0   0   0   0 

7 Untreated 12.7 15.5 33.2   0 12.3   8.1   0 10.0   7.5   0.7 

 Treated 15.5 40.7 21.3   0   6.7   0 15.8   0   0   0 

8 Untreated   3.2 38.0 27.6   1.6   7.4 14.6   0.5   3.8   2.7   0.6 

 Treated   5.8 59.3 32.5   0   2.0   0   0.4   0   0   0 

9 Untreated   2.3 46.7 14.4   3.0   8.7 12.0   5.7   1.8   5.4   0 

 Treated 10.4 40.6 42.5   0   6.5   0   0   0   0   0 

10 Untreated 16.7 41.5 10.8   0 10.8   5.1   3.6   5.3   3.1   3.1 

 Treated 18.4 61.4 16.4   0   3.8   0   0   0   0   0 

11 Untreated 10.1 32.6 36.4   0   2.9   5.4   4.9   0.4   5.0   2.3 

 Treated 12.5 38.3 30.0   0   1.2   4.0   4.0 10.0   0   0 

12 Untreated   5.3 35.4 35.7   0.7   5.5 10.8   3.2   2.0   1.4   0 

 Treated 19.9 50.1 30.0   0   0   0   0   0   0   0 

Controlb Untreated   7.5 16.5 43.5   0 13.5 13.9   0   2.3   2.8   0 

 Treated   7.1 32.7 43.5   0   6.7   0 10.0   0   0   0 
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Table 3.8. Mean emergence for 12 horseweed populations from Portageville (southeast) 
Missouri in fall 2013 through summer 2014. At each observation date, mean emergence 
represents the percentage of total horseweed that emerged throughout the study. Emergence 
was examined and followed in undisturbed areas where horseweed was allowed to remain 
(untreated). Emergence was also recorded in areas where horseweed was removed each time 
following counting (treated).  

aNo data were collected. 
bHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
cPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 104 seedlings 
were recorded during the trial. 

 

  –––––––––––––––––––––– % Of total emergence –––––––––––––––––––––––––– 

  Oct Nov   Dec Mar   Apr Apr May May June   July 

Population Plot  18    8     18   27    11   25     8   22    12       2 

1 Untreated 13.6 17.7   0 34.8   -a   8.4 17.0   4.3   3.7   0.5 

 Treatedb 65.5 25.6   1.0   0   0.3   0.5 2.0   2.8   2.3   0 

2 Untreated 38.3 14.2   0 17.6   - 12.0 13.0   0.4   4.2   0.3 

 Treated 58.5 31.6   1.2   0   0   0.3   1.9   5.6   0.9   0 

3 Untreated 17.0 7.1   2.1 22.5   - 25.2 13.2   4.1   6.5   2.3 

 Treated 71.0 13.9   2.4   0   0   1.0   4.6   4.5   2.6   0 

4 Untreated 14.0 19.2   0.5 24.5   - 12.7 19.5   5.5   2.2   1.9 

 Treated 58.2 18.1   0   0   0   0.9   6.7 11.6   4.5   0 

5 Untreated 11.7   8.5   1.7 24.5   - 20.4 25.3   0.2   7.7   0 

 Treated 55.7 17.7   3.8   0   0   0   3.9 10.9   5.1   2.9 

6 Untreated   5.7 19.3   0 18.7   - 28.6 16.8   2.9   6.1   1.9 

 Treated 28.3 35.6   5.0   0   1.7   1.7   1.7   6.1 19.9   0 

7 Untreated 15.7   8.8   9.5 22.7   - 10.5 12.1   6.3 13.6   0.8 

 Treated 46.4   5.0   0   0   1.3   3.3   6.6 25.3 12.1   0 

8 Untreated   3.6   9.3   9.6 20.7   - 17.9 24.6   6.0   8.3   0 

 Treated 33.8 40.8   0   0   1.2   0   2.0   9.5 12.7   0 

9 Untreated   8.5 24.9   2.7 11.5   - 18.7 15.6   4.6 10.8   2.7 

 Treated 29.7 32.3   0   0   0   5.0   8.0 15.0 10.0   0 

10 Untreated 23.4   3.8   5.3 20.1   - 19.1 15.9   4.1   5.9   2.4 

 Treated 70.6 19.7   0   0   0   0   3.1   2.4   4.2   0 

11 Untreated   4.1 18.9   2.1 19.7   - 24.6 10.5   7.7   6.4   6.0 

 Treated 15.0   0   0   0   0   0 10.0 66.5   8.5   0 

12 Untreated 14.0 10.9   0 29.6   - 14.3 20.4   3.7   5.1   2.0 

 Treated 58.4 19.9   0   0   2.5   0.5   7.4   6.6   4.7   0 

Controlc Untreated 18.4   0   9.5 11.1   - 23.9   7.3   9.8   7.3 12.7 

 Treated 42.1 13.6   0   0   0   5.0   4.7 14.7 19.9   0 
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Table 3.9. Mean emergence for 12 horseweed populations from Columbia (central) Missouri in 
fall 2014 through summer 2015. At each observation date, mean emergence represents the 
percentage of total horseweed that emerged throughout the study. Emergence was examined 
and followed in undisturbed areas where horseweed was allowed to remain (untreated). 
Emergence was also recorded in areas where horseweed was removed each time following 
counting (treated).  

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 70 seedlings 
were recorded during the trial. 

 

  –––––––––––––––––––––––– % Of total emergence ––––––––––––––––––––––– 

  Nov Nov Dec Apr Apr May May June June July July 

Population Plot    3   20   12    1  23     5   19    4   24  15  30 

1 Untreated   0   0.6   1.4   0   7.6 17.5 18.5 22.1   3.3 20.5   8.5 

 Treateda   0   1.7   8.3   0 24.6   0 44.0 21.4   0   0   0 

2 Untreated   0   0   1.3   0   3.0 19.0 38.0 15.2   3.0 19.8   0.7 

 Treated   0   0   2.5   0   1.3   0 54.8 39.5   0   0   1.9 

3 Untreated   0   6.3   1.2   0   1.9   4.7 50.5   3.1 10.7 11.6 10.0 

 Treated   0   6.4   1.0   0 13.2   0 60.7 17.2   1.5   0   0 

4 Untreated   0   0   1.5   0   7.5 16.7 15.5 24.4 20.5   6.4   7.5 

 Treated   0   0   3.0   0 17.4   3.0 56.3 20.3   0   0   0 

5 Untreated   0   0.8   7.9   0.7 12.9   8.2 37.6   9.8   6.0 12.0   4.1 

 Treated   0   1.5   7.4   0 27.7   2.2 30.8 30.4   0   0   0 

6 Untreated   2.0   1.6   4.5   0   8.8 24.9 17.4 16.0 11.2 13.6   0 

 Treated   1.2   1.7   3.5   2.7 50.5   0.6 25.1 13.6   1.1   0   0 

7 Untreated   0   3.4   0.6   0   2.8 23.6 47.9   4.4   3.8   4.8   8.7 

 Treated   0   6.9   0.7   0 13.8   3.6 63.0   7.6   3.5   0.9   0 

8 Untreated   0   3.3   1.1   0 12.8   6.3 41.5 11.0   1.4 13.8   8.8 

 Treated   0   6.3   2.1   0 10.1   3.1 53.7 20.5   2.2   2.0   0 

9 Untreated   0   0.2   1.9   4.1 13.0 25.3 23.0 17.0   4.1 11.4   0 

 Treated   0   0.4   4.5   4.3 17.3   4.9 56.7 11.1   0   0   0.8 

10 Untreated   0   1.6   1.6   0.3 16.4 21.6 24.1 20.1   0 11.9   2.4 

 Treated   0   1.5   1.6   3.1 10.8   1.3 54.1 25.3   2.3   0   0 

11 Untreated   0   2.0   0   0.2   8.9 14.1 38.8   7.8 12.7   7.8   7.7 

 Treated   0   2.2   0   0 18.7   7.4 50.7 20.0   0   1.0   0 

12 Untreated   0.7   1.9   2.0   0   8.8 14.1 37.3 22.7   4.4   8.1   0 

 Treated   1.0   4.2   2.9   0 17.2   3.0 51.5 19.0   0   1.2   0 

Controlb Untreated   0   0   0   1.7   1.7   1.7 43.2   9.3   0 27.1 15.3 

 Treated   0   0   0 25.0 33.3   0 16.7 25.0   0   0   0 
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Table 3.10. Mean emergence for 12 horseweed populations from Portageville (southeast) 
Missouri in fall 2014 through summer 2015. At each observation date, mean emergence 
represents the percentage of total horseweed that emerged throughout the study. Emergence 
was examined and followed in undisturbed areas where horseweed was allowed to remain 
(untreated). Emergence was also recorded in areas where horseweed was removed each time 
following counting (treated).  

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 400 seedlings 
were recorded during the trial. 

 

  ––––––––––––––––––––– % Of total emergence –––––––––––––––––––––––––– 

  Oct Nov Nov  Dec  Mar Apr Apr May June June  July 

Population Plot  17    7  28     20    17    4   26   13     9   30     29 

1 Untreated 11.1 21.7   6.8   4.6   0 12.7 13.7 11.2 12.0   1.5   4.7 

 Treateda 44.9 23.3   1.7   0.6   0   0   8.0 17.7   0   1.8   2.0 

2 Untreated 11.7 14.5 12.9   5.8   0   8.8 22.3   4.9 11.7   7.4   0 

 Treated 60.9   4.3   7.9   2.7   0   3.1   4.8 16.3   0   0   0 

3 Untreated   4.7 20.1   6.0 11.8   3.1   8.2 13.5   9.6 17.9   0   5.1 

 Treated 43.5 15.6 12.3   1.2   0   3.4   6.1 11.4   0   5.8   0.7 

4 Untreated   7.8 15.1   6.8   8.9   0 16.3 13.3   9.5 12.8   1.8   7.7 

 Treated 43.4 15.6   7.3   0.9   0   5.3   3.6 22.1   0   0   1.8 

5 Untreated 20.4 16.1   2.3   4.5   0 10.8 12.8 11.8   8.3 12.8   0.2 

 Treated 74.7 17.7   0.3   0.3   0   0   0.6   2.7   0   1.0   2.7 

6 Untreated 14.7 22.3   1.6   9.9   0   2.9 17.3 13.1 12.4   3.4   2.4 

 Treated 69.5 10.4   2.5   3.1   0   1.0   0   8.8   0   1.3   3.4 

7 Untreated   9.3 30.4   7.7   9.7   0   3.1 13.1   9.3   9.8   6.1   1.5 

 Treated 34.9 26.5   0.5   0   0   0.6   4.4 25.8   0   0   7.3 

8 Untreated 21.8 11.6   5.4   0.6   4.0   8.1 14.9 20.3   8.0   3.9   1.4 

 Treated 67.0 18.5   4.6   1.0   0   1.5   1.1   6.3   0   0   0 

9 Untreated 46.7   8.4   6.2   7.6   0   3.4   5.3   7.1 13.4   1.4   0.5 

 Treated 80.6   7.9   1.7   0   0   0.5   1.0   8.3   0   0   0 

10 Untreated 29.2 11.7   9.1   2.1   0 14.0 13.2   8.5   5.8   2.4   4.0 

 Treated 75.8 10.8   2.9   0.2   0   3.0   2.5   4.2   0   0.2   0.4 

11 Untreated 10.3 32.7   8.9   0   1.7   5.3 13.8 12.3 10.8   3.4   0.8 

 Treated 61.6 18.1   8.9   0.8   0   0   4.0   6.6   0   0   0 

12 Untreated 19.9 12.9   9.4   4.9   0   7.1 18.0 13.3   9.9   0.5   4.1 

 Treated 64.8   7.9   9.3   4.0   0   0.6   3.3 10.1   0   0   0 

Controlb Untreated 10.4 11.5   3.0   2.8   4.6   4.1 17.7 16.0 15.8   0 14.1 

 Treated 45.9 10.4   7.1   1.7   0   0   6.2 18.1   0   8.9   1.7 
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 Table 3.11. Mean emergence for 12 horseweed populations from Columbia (central) Missouri in 
fall 2013 through summer 2014. Means represented the number of newly emerged seedlings in 
a plot. Emergence was examined and followed in undisturbed areas where horseweed was 
allowed to remain (untreated). Emergence was also recorded in areas where horseweed was 
removed each time following counting (treated).  

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 110 seedlings 
were recorded during the trial. 

 

  –––––––––––––––––––––––––– No. seedlings (m-2) ––––––––––––––––––––––––––––– 

    Oct Nov   Nov   Apr   Apr   May   May   June   July   July 

Population Plot    10     1    22    10    30      16     27     17     3    18 

1 Untreated   13.8   70.8   32.4      0   16.2   15.2     3.2     7.2     4.0     0 

 Treateda   13.8   29.4   33.6      0     0     0.4     0     0.4     0     0 

2 Untreated   40.2 187.6     7.2      0   21.6   42.6     0   21.8   13.8     1.4 

 Treated   40.2 105.4   65.4      0     0.6     0     0     0     0     0 

3 Untreated     4.8   32.8   17.2      0.8     9.2     3.0     5.0     4.8     1.0     1.4 

 Treated     4.8   10.0     7.2      0     0.2     0     0     0     0     0 

4 Untreated     5.4   65.0   36.4      0     5.0   10.6     2.6     2.8     8.0     0 

 Treated     5.4   14.0   19.2      0     0.2     0     0     0     0     0 

5 Untreated     4.2   58.0   13.8      0   10.4     7.2     2.2   11.4     1.2     0 

 Treated     4.2   11.2   11.4      0     0     0     0     0     0     0 

6 Untreated     0.6   27.8   35.0      0     6.4   10.0     0.8     3.6     1.8     1.0 

 Treated     0.6     8.0   15.0      0     0.2     0     0     0     0     0 

7 Untreated     1.8     1.8     3.4     0     1.6     1.2     0     2.0     0.6     0.2 

 Treated     1.8     2.4     2.4     0     0.2     0     0.6     0     0     0 

8 Untreated     2.4   27.0   16.8     1.4     4.6     8.2     0.2     2.4     2.2     0.6 

 Treated     2.4     9.2     8.4     0     0.8     0     0.2     0     0     0 

9 Untreated     1.8   23.6     9.4     0.6     3.4     4.8     2.8     1.4     1.6     0 

 Treated     1.8     6.2     8.4     0     0.6     0     0     0     0     0 

10 Untreated     3.0   29.0     8.2     0     6.6     3.8     2.0     2.8     1.8     1.2 

 Treated     3.0     5.6     2.4     0     0.6     0     0     0     0     0 

11 Untreated     1.8     7.2     8.0     0     0.4     0.6     1.2     0.2     0.6     1.2 

 Treated     1.8     1.8     3.0     0     0.2     0.2     0.2     0.4     0     0 

12 Untreated     6.0   46.0   49.2     1.0     6.2   12.6     3.6     2.2     2.0     0 

 Treated     6.0   14.6   10.8     0     0     0     0     0     0     0 

Controlb Untreated     1.2     4.4     4.0     0     2.2     2.4     0     0.6     0.6     0 

 Treated     1.2     2.2     1.8     0     0.2     0     0.2     0     0     0 
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Table 3.12. Mean emergence for 12 horseweed populations from Portageville (southeast) 
Missouri in fall 2013 through summer 2014. Means represented the number of newly emerged 
seedlings in a plot. Emergence was examined and followed in undisturbed areas where 
horseweed was allowed to remain (untreated). Emergence was also recorded in areas where 
horseweed was removed each time following counting (treated).  

aNo emergence data were collected.  
bHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
cPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 104 seedlings 
were recorded during the trial. 

 

  –––––––––––––––––––––––––––– No. seedlings (m-2) –––––––––––––––––––––––––––– 

  Oct Nov Dec Mar Apr Apr May May June July 

Population Plot  18    8  18   27   11  25     8   22    12    2 

1 Untreated 25.8 34.2   0 67.8   -a 14.6 33.2   9.2   6.4   1.2 

 Treatedb 25.8   9.6   0.6   0   0.2   0.2   1.2   1.8   1.0   0 

2 Untreated 81.0 39.6   0 49.2   - 31.0 30.0   1.0 10.8   0.4 

 Treated 81.0 40.2   1.2   0   0   0.4   2.6   6.2   1.2   0 

3 Untreated 13.8   8.4   1.8 20.0   - 21.2 11.2   2.8   6.4   1.6 

 Treated 13.8   3.0   0.6   0   0   0.2   0.8   0.8   0.4   0 

4 Untreated 15.6 22.2   0.6 27.0   - 12.8 20.8   5.2   2.6   2.4 

 Treated 15.6   4.2   0.0   0   0   0.2   1.4   2.6   1.2   0 

5 Untreated 15.6 11.4   1.8 40.4   - 36.6 40.4   0.4   8.8   0 

 Treated 15.6   3.6   1.2   0   0   0   0.8   2.2   1.2   0.4 

6 Untreated   4.2 10.6   0 14.8   - 18.0   9.0   1.0   2.8   0.4 

 Treated   4.2   5.4   0.6   0   0.2   0.2   0.2   0.8   0.4   0 

7 Untreated   3.0   2.4   1.8   5.2   -   2.6   2.6   1.2   3.2   0.2 

 Treated   3.0   0.6   0   0   0.2   0.2   0.8   2.8   1.8   0 

8 Untreated   4.8 17.0   8.4 29.0   - 24.2 37.8   6.2 12.0   0 

 Treated   4.8   9.6   0   0   0.2   0   0.4   1.0   1.6   0 

9 Untreated   4.2 13.6   1.2   5.4   - 10.2   8.0   2.0   5.8   1.2 

 Treated   4.2   3.6   0   0   0   0.2   1.0   1.0   1.0   0 

10 Untreated 13.2   1.8   3.0 11.2   - 11.0   9.0   2.4   3.4   1.0 

 Treated 13.2   5.4   0   0   0   0   0.8   0.8   1.0   0 

11 Untreated   1.2   6.0   0.6   6.6   -   7.8   2.8   4.2   1.6   3.0 

 Treated   1.2   0   0   0   0   0   1.0   1.4   0.8   0 

12 Untreated 10.8 10.8   0 25.0   - 12.0 17.2   2.6   4.4   1.8 

 Treated 10.8   3.0   0   0   0.4   0.2   1.2   1.2   0.6   0 

Controlc Untreated   2.4   0   1.8   1.2   -   2.6   0.8   1.4   0.8   1.8 

 Treated   2.4   1.2   0   0   0   0.2   0.8   1.4   2.0   0 
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Table 3.13. Mean emergence for 12 horseweed populations from Columbia (central) Missouri in 
fall 2014 through summer 2015. Means represented the number of newly emerged seedlings in 
a plot. Emergence was examined and followed in undisturbed areas where horseweed was 
allowed to remain (untreated). Emergence was also recorded in areas where horseweed was 
removed each time following counting (treated). 

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 70 seedlings 
were recorded during the trial. 

 

 

  –––––––––––––––––––––––– No. seedlings (m-2) –––––––––––––––––––––––––– 

  Nov Nov Dec Apr Apr May May June June July July 

Population Plot    3  20   12    1  23     5   19    4   24   15  30 

1 Untreated   0   0.2   0.2   0   0.7   2.5   4.2   3.3   0.3   3.2   1.8 

 Treateda   0   0.2   0.2   0   0.7   0   4.2   2.2   0   0   0 

2 Untreated   0   0   0.3   0   1.2   4.7 11.0   6.3   1.7   6.5   0.2 

 Treated   0   0   0.4   0   0.2   0   4.4   2.6   0   0   0.2 

3 Untreated   0   1.7   0.3   0   0.5   1.2   6.2   0.8   1.8   1.3   0.5 

 Treated   0   1.7   0.3   0   1.7   0   5.3   2.0   0.3   0   0 

4 Untreated   0   0   0.2   0   1.3   3.7   2.3   4.0   8.2   3.3   1.2 

 Treated   0   0   0.3   0   1.3   0.3   2.7   1.3   0   0   0 

5 Untreated   0   0.2   2.7   0.3   5.5   3.0 15.7   4.7   1.7   4.8   2.8 

 Treated   0   0.2   2.7   0   5.0   0.5   7.7   5.0   0   0   0 

6 Untreated   0.3   0.3   0.8   0   1.8   7.7   4.2   4.7   8.2   3.8   0 

 Treated   0.3   0.3   0.8   0.5   3.2   0.2   3.5   1.7   0.2   0   0 

7 Untreated   0   0.8   0.2   0   0.8   6.7 15.5   1.0   0.8   1.3   4.3 

 Treated   0   0.8   0.2   0   1.5   1.0 13.7   2.0   0.7   0.2   0 

8 Untreated   0   0.5   0.2   0   5.2   3.8 11.8   5.5   0.2   2.5   8.7 

 Treated   0   0.5   0.2   0   3.0   0.3   8.8   4.5   1.2   0.2   0 

9 Untreated   0   0.2   0.8   1.2   8.3   9.8 12.7   9.0   1.7   5.3   0 

 Treated   0   0.2   0.8   0.7   5.5   0.8 13.3   3.5   0   0   0.2 

10 Untreated   0   0.8   0.8   0.2   7.7 12.7 14.0 11.3   0   6.7   1.5 

 Treated   0   0.8   0.8   1.8   3.5   0.5 17.2   6.3   0.7   0   0 

11 Untreated   0   0.7   0   0.2   7.5 10.5 21.7   7.7   8.2   5.0   3.8 

 Treated   0   0.7   0   0   5.3   2.8 15.0   6.8   0   0.3   0 

12 Untreated   0.3   1.0   0.8   0   5.2   5.7 20.2 14.8   2.2   4.0   0 

 Treated   0.3   1.0   0.8   0   5.0   0.7 12.5   4.2   0   0.2   0 

Controlb Untreated   0   0   0   0.2   0.2   0.2   3.8   1.2   0   0.5   2.0 

 Treated   0   0   0   0.3   0.5   0   0.5   0.3   0   0   0 
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Table 3.14. Mean emergence for 12 horseweed populations from Portageville (southeast) 
Missouri in fall 2014 through summer 2015. Means represented the number of newly emerged 
seedlings in a plot. Emergence was examined and followed in undisturbed areas where 
horseweed was allowed to remain (untreated). Emergence was also recorded in areas where 
horseweed was removed each time following counting (treated). 

aHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil concentrate 
or by hand. 
bPlot lacking any seeded horseweed to estimate naturally seeded plants. A total of 400 seedlings 
were recorded during the trial. 

 

  –––––––––––––––––––––––––– No. seedlings (m-2) –––––––––––––––––––––––– 

  Oct Nov Nov Dec Mar Apr Apr May June June July 

Population Plot  17    7  28  20   17    4  26   13    9   30  29 

1 Untreated 12.8 26.6   8.6   4.2   0 14.4 15.8 14.0 13.8   1.6   4.2 

 Treateda 12.8 10.2   1.0   0.2   0   0   1.8   4.2   0   0.6   1.0 

2 Untreated 13.8 16.4 17.2   4.2   0   9.0 26.0   5.6 12.2   8.2   0 

 Treated 13.8   0.8   1.6   0.4   0   0.6   1.2   4.6   0   0   0 

3 Untreated   6.2 27.4   7.4 12.0   4.8   9.2 19.0 14.0 20.8   0   6.4 

 Treated   9.4   3.2   3.4   0.2   0   0.8   1.6   2.4   0   1.0   0.2 

4 Untreated   6.0 12.6   8.4   7.2   0 14.2   7.4   9.0 12.0   1.8   7.8 

 Treated   6.0   2.0   0.6   0.2   0   0.6   0.6   2.4   0   0   0.4 

5 Untreated 35.8 31.8   4.6   7.2   0 18.4 27.0 21.4 15.0 13.4   0.6 

 Treated 35.8   7.6   0.2   0.2   0   0   0.4   1.6   0   0.4   0.2 

6 Untreated 14.6 21.6   1.6   9.6   0   3.0 16.2 12.4 11.2   3.6   2.6 

 Treated 14.8   2.0   0.6   0.8   0   0.2   0   2.4   0   0.4   1.0 

7 Untreated   9.2 35.2   7.6 10.6   0   3.0 15.0 10.8   9.0   8.6   1.4 

 Treated   9.2   4.6   0.2   0.0   0   0.2   1.2   5.0   0   0   0.4 

8 Untreated 34.6 16.8   6.8   1.4   5.6 13.6 20.0 30.8 12.6   6.2   1.8 

 Treated 28.2   8.0   3.2   0.2   0   0.8   0.6   3.8   0   0   0 

9 Untreated 71.8 17.0   9.8 14.4   0   5.8   8.6 15.0 24.4   2.2   1.0 

 Treated 74.2   7.0   1.4   0.0   0   0.4   0.8   7.4   0   0   0 

10 Untreated 54.4 16.8 18.0   5.4   0 29.0 26.8 10.8 11.2   5.4   4.2 

 Treated 54.4   7.0   3.0   0.2   0   2.8   2.4   3.6   0   0.2   0.2 

11 Untreated 14.6 45.8 12.4   0.0   1.8   7.8 17.2 17.6 17.2   4.2   0.8 

 Treated 14.6   3.6   2.2   0.2   0   0   0.4   0.8   0   0   0 

12 Untreated 28.8 14.6 10.6   7.0   0 10.0 23.8 20.2 10.4   0.6   4.4 

 Treated 28.8   3.4   1.8   0.6   0   0.2   1.4   3.6   0   0   0 

Controlb Untreated   6.0   7.8   2.8   1.0   3.0   3.2 12.4   7.2 12.8   0   7.8 

 Treated   8.4   2.2   0.4   0.2   0   0   1.2   2.6   0   0.8   0.2 
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Table 3.15. Characterization of horseweed emergence at Columbia (central) and 
Portageville (southeast), MO from fall 2013 to summer 2014. At each observation date, 
mean emergence represents the percentage of total horseweed that emerged 
throughout the study. Emergence was examined and followed in undisturbed areas 
where horseweed was allowed to remain (untreated). Emergence was also recorded in 
areas where horseweed was removed each time following counting (treated). 

aDue to poor germination in the greenhouse assay, population 6, 7 and 11 were not 
included. 
bFall includes horseweed emerging from September to December. Spring included 
horseweed emerging from March to July. 
cMeans within the same column followed by the same letter are not significantly 
different using Fisher’s Protected LSD at p = 0.05. 
dHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil 
concentrate or by hand. 

 

 

 

 

 

 

 

 

 

 

  
Emergence  

 ––––––––– Columbia –––––––– ––––––– Portageville ––––––––– 

––––––––––––––––––% Of total emergence ––––––––––––––––––– 
Populationa timingb Untreatedc Treatedd Untreated Treated 

1 Fall   66.1 a   98.6 a   31.2 e   92.1 a 
 Spring   33.9 b     1.4 d   68.8 a      7.9 e 

2 Fall   65.0 a   99.7 a   52.6 ab   91.3 a 
 Spring   35.0 b     0.3 d   47.4 cd     8.7 e 

3 Fall   62.4 a   98.2 ab   26.1 e   87.4 ab 
 Spring   37.6 b   1.8 cd   73.9 a   12.7 de 

4 Fall   78.5 a   98.3 ab   33.7 de   76.2 ab 
 Spring   21.5 b     1.7 cd   66.3 ab   23.8 de 

5 Fall   64.4 a 100.0 a   22.0 e   77.3 ab 
 Spring   35.6 b     0.0 d   78.0 a   22.8 de 

8 Fall   68.9 a   97.5 ab   22.5 e   74.6 ab 
 Spring   31.3 b     2.5 cd   77.5 a   25.4 de 

9 Fall   63.2  a   93.5 b   36.1 de   62.0 bc 
 Spring   36.8 b     6.5 c   63.9 ab   38.0 cd 

10 Fall   68.9 a   96.2 ab   32.6 de   90.4 a 
 Spring   31.1 b     3.8 cd   67.4 ab     9.6  e 

12 Fall   76.5 a 100.0 a   24.9 e   78.2 ab 
 Spring   23.5 b     0.0 d   75.1 a   21.8 de 



 

111 
 

Table 3.16. Characterization of horseweed emergence at Columbia (central) and 
Portageville (southeast), MO from fall 2013 to summer 2014. At each observation date, 
mean emergence represents the percentage of total horseweed that emerged 
throughout the study. Emergence was examined and followed in undisturbed areas 
where horseweed was allowed to remain (untreated). Emergence was also recorded in 
areas where horseweed was removed each time following counting (treated). 

aFall includes horseweed emerging from September to December. Spring included 
horseweed emerging from March to July. 
bMeans within the same column followed by the same letter are not significantly 
different using Fisher’s Protected LSD at p = 0.05. 
cHorseweed was removed with up to 560 g ai ha-1 of paraquat plus 1% v/v crop oil 
concentrate or by hand. 

 

 

  
Emergence  

–––––––– Columbia –––––––––– ––––––– Portageville ––––––––– 

––––––––––––––––– % Of total emergence –––––––––––––––––––– 
Population timinga Untreatedb Treatedc Untreated Treated 

1 Fall   2.0 b 10.0 b 44.1 defgh 70.5 cde 
 Spring 98.0 a 90.0 a 55.9 abcde 29.5 hfg 

2 Fall   1.3 b   2.5 b 42.6 efgh 75.8 abcde 
 Spring 98.7 a 97.5 a 57.4 abcd 24.2 fghij 

3 Fall   7.6 b   7.3 b 42.6 efgh 72.6 bcde 
 Spring 92.4 a 92.7 a 57.4 abcd 27.4 fghi 

4 Fall   1.5 b   3.0 b 38.6 efgh 67.2 de 
 Spring 98.5 a 97.0 a 61.4 ab 32.8 fg 

5 Fall   8.7 b   8.9 b 43.3 efgh 93.0 a 
 Spring 91.3 a 91.1 a 56.7 abcd   7.0 j 

6 Fall   8.1 b   6.4 b 48.4 bcdefg 85.5 abcd 
 Spring 91.9 a 93.6 a 51.6 bcdefg 14.5 ghij 

7 Fall   4.0 b   7.7 b 57.1 abcd 61.8 e 
 Spring 96.0 a 92.3 a 42.9 efgh 38.2 ef 

8 Fall   4.4 b   8.3 b 39.4 fgh 91.0 ab 
 Spring 95.6 a 91.7 a 61.6 abc   9.0 ij 

9 Fall   2.1 b   4.9  b 68.9 a 90.3 ab 
 Spring 97.9  a 95.1 a 31.1 h   9.7 ij 

10 Fall   3.2 b   3.2 b 52.0 bcdef 89.8 ab 
 Spring 96.8 a 96.8 a 48.0 cdefg 10.3 ij 

11 Fall   2.0 b   2.2 b 51.9 bcdef 89.5 abc 
 Spring 98.0 a 97.8 a 48.1 cdefg 10.5 hij 

12 Fall   4.6 b   8.0 b 47.1 defg 86.1 abcd 
 Spring 95.4 a 92.0 a 52.9 bcde 13.9 ghij 
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Table 3.17. ANOVA of horseweed emergence influenced by population at Columbia (central) and Portageville (southeast), 
Missouri in 2013 through 2014 and 2014 through 2015. Emergence was examined and followed in undisturbed areas where 
horseweed was allowed to remain (untreated). Emergence was also recorded in areas where horseweed was removed each time 
following counting (treated). 

 

 

aHorseweed was removed with up to 560 g ai ha-1 paraquat plus 1% v/v crop oil concentrate or by hand. 
 

 

 

 

 

 

 

 

 

 ––––––––––––––––––-––––2013-2014–––––––––––––––––---–––-– –––––––––––––––––––––––2014-2015––––––––––––––––––––––– 
 –––––––––Columbia––––––––– –––––-––Portageville––––––––– ––––––––Columbia–––––––––– ––––––––Portageville–––––––– 
Factor Untreated Treateda Untreated Treated Untreated Treated Untreated Treated 

 Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F 

Population 0.805 0.162 0.014 0.300 0.770 0.956 0.000 0.012 
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Table 3.18. ANOVA of horseweed emergence influenced by sensitivity to glyphosate (glyphosate-susceptible (GS) and glyphosate-
resistant (GR)). Locations in Missouri included Columbia (central) and Portageville (southeast); conducted in 2013 through 2014 
and 2014 through 2015. Emergence was examined and followed in undisturbed areas where horseweed was allowed to remain 
(untreated). Emergence was also recorded in areas where horseweed was removed each time following counting (treated). 

aHorseweed was removed with up to 560 g ai ha-1 paraquat and 1% v/v crop oil concentrate or by hand. 
 
 

 –––––––––––––––––––––2013-2014–––––––––––––––––––– –––––––––––––––––––––2014-2015–––––––––––––––––––– 
 ––––––––Columbia–––––––– –––––––Portageville––––––– ––––––––Columbia–––––––– –––––––Portageville––––––– 
Factor Untreated Treateda Untreated Treated Untreated Treated Untreated Treated 

 Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F 

GS & GR 0.830 0.280 0.051 0.892 0.467 0.746 0.675 0.193 
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Figure 3.1. Geographical locations (Via Map Data © 2015 Google; Mountain View, CA) 
for collection of horseweed seed across Missouri in August and September of 2013 and 
2014. Population 4 was collected in 2014 (star) approximately 17.2 km from area where 
seed was collected in 2013. 

 

 

 

 



 

115 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Representative picture depicting staining of horseweed seed with 
tetrazolium solution at a 15x magnification. Horseweed seeds considered viable 
exhibited a red or pink color in the embryo portion of the seed (A). Horseweed seed 
considered non-viable (B) were autoclaved at 38 C prior to viability staining. 

B 

A 
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Figure 3.3. Soil temperature and soil moisture estimated at 5.1 cm from September 2013 
through July 2014. Measurements were recorded with a HOBO (Onset®; Bourne, MA) in ground 
data logger, using soil temperature and soil moisture sensors. Each bi-weekly mean consisted of 
1,344 data points from two distinct sensors per location at Columbia (central) (A) and 
Portageville (southeast) Missouri (B). 
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Figure 3.4. Soil temperature and soil moisture estimated at 5.1 cm from September 2014 
through July 2015. Measurements were recorded with a HOBO (Onset®; Bourne, MA) in ground 
data logger, using soil temperature and soil moisture sensors. Each bi-weekly mean consisted of 
1,344 data point from two distinct sensors per location at Columbia (central) (A) and 
Portageville (southeast) Missouri (B). 
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Figure 3.5. Emergence of horseweed from fall 2013 to summer 2014 for Columbia (central) and 
Portageville (southeast) Missouri. Emerged horseweed represents the percentage of total 
horseweed that emerged throughout the study averaged across nine populations. Vertical bar 
represents the standard error of the mean. Emergence was recorded for both undisturbed 
(untreated) areas where horseweed was allowed to remain (A) and in areas where horseweed 
was removed (treated) following emergence counts (B). 
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Figure 3.6. Emergence of horseweed from fall 2014 to summer 2015 for Columbia (central) and 
Portageville (southeast) Missouri. Emerged horseweed represents the percentage of total 
horseweed that emerged throughout the study averaged across 12 populations. Vertical bar 
represents the standard error of the mean. Emergence was recorded for both undisturbed 
(untreated) areas where horseweed was allowed to remain (A) and in areas where horseweed 
was removed (treated) following emergence counts (B). 
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Figure 3.7. Timing of horseweed emergence from fall 2013 to summer 2014 for Columbia 
(central) and Portageville (southeast) Missouri. Fall emergence included cumulative emergence 
from September to December while spring emergence included March to July. Each bar 
represents the percentage of total horseweed that emerged across nine populations. Means 
with the same uppercase or lowercase letter are not significantly different using Fisher’s 
Protected LSD at p = 0.05. Emergence was recorded for both undisturbed (untreated) areas 
where horseweed was allowed to remain (A) and in areas where horseweed was removed 
(treated) following emergence counts (B). 

Emergence timing

Fall Spring

P
e
rc

e
n
t 

to
ta

l 
e
m

e
rg

e
n
c
e

0

20

40

60

80

100
Columbia

Portageville 

A

Bb

a

A

Emergence timing

Fall Spring

P
e
rc

e
n
t 

o
f 

to
ta

l 
e
m

e
rg

e
n
c
e

0

10

20

30

40

50

60

70

80

90

100 A

B

a

b

B



 

121 
 

 

 

Figure 3.8. Timing of horseweed emergence from fall 2014 to summer 2015 for Columbia 
(central) and Portageville (southeast) Missouri. Fall emergence included cumulative emergence 
from September to December while spring emergence included March to July. Each bar 
represents the percentage of total horseweed that emerged across 12 populations. Means with 
the same uppercase or lowercase letter are not significantly different using Fisher’s Protected 
LSD at p = 0.05. Emergence was recorded for both undisturbed (untreated) areas where 
horseweed was allowed to remain (A) and in areas where horseweed was removed (treated) 
following emergence counts (B). 
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Figure 3.9. Timing of glyphosate-resistant (GR) and glyphosate-susceptible (GS) horseweed 
emergence from fall 2013 to summer 2014 for Columbia (central) and Portageville (southeast) 
Missouri. Fall emergence included cumulative emergence from September to December while 
spring emergence included March to July. Each bar represents the percentage of total 
horseweed that emerged across nine populations. Means with the same uppercase or lowercase 
letter are not significantly different using Fisher’s Protected LSD at p = 0.05. Emergence was 
recorded for both undisturbed (untreated) areas where horseweed was allowed to remain (A) 
and in areas where horseweed was removed (treated) following emergence counts (B). 
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Figure 3.10. Timing of glyphosate-resistant (GR) and glyphosate-susceptible (GS) horseweed emergence 
from fall 2014 to summer 2015 for Columbia (central) and Portageville (southeast) Missouri. Fall 
emergence included cumulative emergence from September to December while spring emergence 
included March to July. Each bar represents the percentage of total horseweed that emerged across 12 
populations. Means with the same uppercase or lowercase letter are not significantly different using 
Fisher’s Protected LSD at p = 0.05. Emergence was recorded for both undisturbed (untreated) areas where 
horseweed was allowed to remain (A) and in areas where horseweed was removed (treated) following 
emergence counts (B). 
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CHAPTER 4: SCREENING OF HORSEWEED (CONYZA CANADENSIS (L.) 
CRONQ.) FOR DICAMBA TOLERANCE 

Joseph D. Bolte and Reid J. Smeda 

Abstract 

Horseweed (Conyza canadensis (L.) Cronq.) is found commonly across the 

Midwest and numerous biotypes have evolved resistance to several herbicide modes of 

action. New technology in soybean (Glycine max (L.) Merr.) will facilitate POST use of 

dicamba for control of horseweed. This study was performed to establish a baseline 

response of multiple populations to dicamba, which can be used in the future to assess 

selection for resistance. In fall 2014, horseweed seed was collected from 40 populations 

across MO. In a greenhouse setting, a dose response curve using two random 

populations determined that dicamba at a rate of 145 g ae ha-1 resulted in 50% visual 

control. Seedlings from all 40 populations were grown under greenhouse conditions and 

rosettes treated with 145 g ha-1 of dicamba. Across populations, horseweed control 

ranged from 45.7 to 83.5% and averaged 63.5%. Within populations, several plants were 

less or more sensitive to dicamba, an indication of variable response. Visual control of 

112 individual plants for population 38 averaged less than 50%. For population 25, 

dicamba resulted in less than 30% control for one plant. Out of the 2,631 plants 

screened, 515 exhibited less than 50% injury. The biomass of individual horseweed 

plants within and between populations also varied in response to dicamba. Across 
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populations, biomass means ranged from 37.3 to 84.7% compared to the untreated 

control. Up to 31 populations exhibited a biomass mean greater than 50% compared to 

the untreated control. Although no resistance to dicamba is suspected for individual 

plants or specific populations, variation in response to dicamba was common and 

suggests the importance of utilizing recommended rates of dicamba to preclude 

selection of tolerant or resistant individuals. 

Nomenclature: Dicamba, horseweed (Conyza canadensis (L.) Cronq. ERICA). 

Keywords: Biomass, dose response, populations, visual control. 

Introduction 

Horseweed (Conyza canadensis (L.) Cronq) has been selected resistant to a 

number of herbicides, making effective control more difficult. In Delaware, VanGessel et 

al. (2001) reported the first case of glyphosate resistant (GR) horseweed in the U.S. A 

50% reduction in horseweed biomass required up to a 12.7-fold increase in glyphosate 

for the resistant versus susceptible biotype. The estimated resistant (R) to susceptible 

(S) ratio (R/S) was 7.8 and 12.7 in two separate experiments, demonstrating a high level 

of resistance. Horseweed has also developed resistance to other herbicide modes of 

action. To achieve 50% control, an acetolactate synthase (ALS)-resistant horseweed 

biotype required up to a 40-fold increase in chlorimuron compared to the susceptible 

population (Zheng et al. 2011). Other modes of action with demonstrated horseweed 

resistance include photosystem II inhibitors (Weaver et al. 2004) and photosystem I 

electron diverters (VanGessel et al. 2006). In Canada, Smisek et al. (1998) reported a 
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biotype of horseweed required a 30-fold increase in paraquat to reduce biomass by 50% 

compared to the susceptible population.  

Growth regulator herbicides are effective for control of horseweed. In TX, 

Keeling et al. (1989) found as little as 300 g ae ha-1 of dicamba resulted in up to 100% 

control of both rosettes as well as 10 to 15 cm plants. Kruger et al. (2010) reported up to 

97% control of >30 cm horseweed with dicamba. Eubank et al. (2008) found dicamba 

resulted in up to 99% control of MS horseweed by 28 DAT. Development of dicamba-

tolerant crops such as soybean may result in effective horseweed control after crop 

emergence. Johnson et al. (2010) reported dicamba resulted in up to 98% control of 

horseweed in soybean. In Canada, control of GR horseweed was improved 53 to 66% 

using 300 g ha-1 dicamba tank mixed with 900 g ae ha-1 glyphosate versus 900 g ha-1 

glyphosate alone (Byker et al. 2013). 

Sensitivity to dicamba can vary between horseweed populations. Crespo et al. 

(2013) found 50% control of 10 different NE horseweed populations required between 

27 to 61 g ae ha-1. For 90% control, the dicamba dose ranged from 205 to 638 g ha-1 for 

all 10 populations. Plants treated with 560 g ha-1 of dicamba resulted in 90% control for 

nine out of the ten populations. For horseweed biomass, Crespo et al. (2013) also 

determined a dicamba rate up to 444 g ha-1 resulted in greater than a 90% reduction of 

horseweed for 10 different populations. Dicamba at 9 to 36 g ha-1 resulted in a 50% 

reduction in biomass. Flessner et al. (2015) reported 50% visual control of AL horseweed 

required 50 to 100 g ae ha-1 dicamba. Examining horseweed biomass, Flessner et al. 

(2015) reported 70 to 240 g ha-1 dicamba reduced biomass by 50%. From four 
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horseweed populations, Kruger et al. (2010) reported 117 to 493 g ha-1 of dicamba 

reduced biomass by 90%.  

Prior to widespread adoption of dicamba-tolerant crops and use of dicamba for 

weed control, development of a baseline population response may be important. 

Currently, there are no reports of dicamba resistance for horseweed. To date, the 

sensitivity of individual horseweed plants within and between different populations is 

not well documented. This research will assess multiple horseweed plants across 

numerous populations to compare sensitivity to a defined rate of dicamba. 

 Materials and Methods 

In the fall of 2014, horseweed seed from 40 different geographical locations 

across MO were collected (Table 4.1, Figure 4.1). Sampled populations were greater 

than 8 km apart from adjacent populations, with less than three horseweed populations 

collected per county. The location of populations represented different crop production 

regions across Missouri. Of the 40 populations, 17.5% were from southeast MO, 32.5% 

from southern MO and 50% from northern MO. Up to 40 seed heads at each location 

were placed in a paper bag and stored in the greenhouse. Loose seed was removed and 

stored in plastic bags at 4 C.  

Population 4 (southeast) and 33 (northwest) were selected randomly to 

determine the dose of dicamba that resulted in 50% visual control or reduced biomass 

by 50% (I50) compared to untreated plants. Seeds were mixed with sawdust and placed 

in 10 cm2 diameter pots. Plant medium consisted of Pro-Mix© BX (Premier Tech: 

Riviѐre-du-Loup, Quѐbec, Canada). Seedlings were provided supplemental lighting to 
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create a 13 h daylength with a light intensity of 553 µmol m-2 s-1. Greenhouse air 

temperatures varied from 23 to 29 C. Horseweed plants were thinned to less than 14 

plants per pot within 1 week of treatment. When rosettes reached a diameter ranging 

from 2.5 to 5.1 cm, dicamba formulated as MON 119096 (Monsanto®; St. Louis, MO), 

was applied at nine different rates (Table 4.2). Treatments were applied using a 

hydraulic sprayer in a spray volume of 140 L ha-1 with XR8001E (Teejet®: Spraying 

Systems Co. Wheatland, IL) spray tips at 200 kPa. 

At 21 DAT, all horseweed plants in each pot were visually evaluated for injury (0 

= no injury and 100 = complete plant death) and harvested at ground level. Plant tissue 

was placed in an air dryer at 50 C for up to four days and dry weights recorded. The I50 

concentration was calculated using a polynomial cubic equation in Sigma Plot® 11.2 

(SanJosie, CA) (Figures 4.2 and 4.3). For both populations, the I50 value was 145 g ha-1 

based upon visual evaluations. The 95% confidence interval for the I50 value ranged 119 

to 185 g ha-1 and 112 to 184 g ha-1 for populations 4 and 33, respectively. The I50 for 

biomass reduction was 155 and 82 g ha-1 dicamba for populations 4 and 33, 

respectively. The 95% confidence interval for the I50 ranged 88 g ha-1 with no upper limit 

and 24 to 173 g ae ha-1 for populations 4 and 33, respectively. Because visual control 

evaluations were more consistent, a dicamba rate of 145 g ha-1 was used for screening 

populations. 

For screening, horseweed seed from each of the 40 populations was planted in 

distinct 25 by 25 cm polypropylene containers. A mixture of 50% Pro-Mix© and 50% 

sand was used as soil medium. The final medium had a soil pH of 5.7 and an organic 
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matter content of 3.6%. The seed was mixed with sawdust to ensure uniform 

distribution on the soil surface. Seedlings were grown under the same conditions as 

described above. Three days prior to herbicide application, horseweed plants were 

thinned to less than 20 plants in each container. Plants were treated with dicamba when 

rosettes reached 3.2 to 5.1 cm in diameter. A minimum of 60 individual plants were 

treated for each population. Visual control (0 = no control and 100 = plant death) was 

recorded for individual plants at 21 DAT. In addition, tissue from individual plants was 

harvested at ground level, air dried at 50 C for up to four days, and dry weight recorded. 

Dry weights were used to calculate biomass as a percent of control plants [1]. Mean 

biomass of untreated plants was calculated using untreated plants from the dose 

response study. 

% reduction in biomass = 
plant biomass (g)

mean biomass of untreated plants (g)
×100                                     [1] 

For statistical analysis, box and whisker plots using horseweed visual ratings and 

biomass data were constructed in Sigma Plot® 11.2 (Figures 4.4 and 4.5). The boxes 

included plants that represented from 25 (lower quartile) to 75% (upper quartile) visual 

control (Figure 4.4) or biomass reduction (Figure 4.5). Boxes also included a horizontal 

line depicting the median and two dotted lines representing the mean of all plants for a 

horseweed population. Individual plants whose response fell outside the response of 

the other 10 or 90% of plants (outliers) were plotted individually as dots.  
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Results and Discussion 

Dicamba resulted in noticeable injury on plants from all populations, but the 

extent of injury was variable (Figure 4.4). Mean visual control of each population ranged 

from 45.7 to 83.5% at 21 DAT. For 11 of the 40 populations screened, mean control 

varied between 50 and 60%. However, control of 23 populations ranged between 60 

and 70% (more sensitive). Control averaged greater than 70% for five of the horseweed 

populations. The least response population (38) exhibited a mean control of 45.7%. 

In addition to population differences in response to dicamba, control of 

individuals within populations also varied. A number of individuals among 31 

populations were completely killed by dicamba (100%; Figure 4.4). However, there were 

a total of 515 individuals out of the 2,631 treated that exhibited less than 50% injury. 

The width of the box indicates the degree of variable control within a population; 

smaller boxes represent less variation. Control of individuals falling within 25% of the 

expected mean ranged from 10% (population 38) to 48% (population 26), with a total of 

five populations exceeding 40%. For horseweed population 25, 1.5% of the plants 

exhibited less than 30% control. Within populations, up to 60.7% of individuals exhibited 

less than 50% injury. 

 Plant biomass was also an indicator of sensitivity to dicamba, but variation was 

greater compared to that expressed by visual control (Figure 4.5). Individuals with a 

biomass exceeding 50% of the control would be considered less responsive to dicamba. 

Plant size varied at the time of initial treatment; which may have contributed to 

differences in biomass across populations. Across all populations, mean plant biomass 
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ranged from 37.7 to 84.7% compared to the untreated control mean (populations 4 and 

33). Plant biomass means for 52.5% of the horseweed populations were greater than 

60% of the untreated control. For 12.5% of the populations, mean plant biomass 

exceeded 70% of the untreated control. A total of 246 individuals out of 2,610 total 

individuals treated from 36 populations exceeded 100% of the biomass for the 

untreated control. Within populations, up to 84% of individual plants exhibited less than 

a 50% reduction in biomass compared to the untreated control. Control of individuals 

falling within 25% of the expected mean ranged from 22% (population 27) to 66% 

(population 8). Population 37 was overall the most sensitive to dicamba, with a mean 

reduction of 63% in biomass compared to the untreated control. Population eight was 

the least sensitive, with only a 16% reduction in biomass compared to the untreated 

control.  

 Variation in weed species response to growth regulators is not unexpected. To 

attain a level of 50% visual control, Crespo et al. (2013) reported the least sensitive 

population of horseweed required a 2.3-fold increase in dicamba compared to the most 

sensitive population. Flessner et al. (2015) found up to a 1.8-fold increase in dicamba 

rate necessary for control of the least compared to most sensitive population. In this 

research, there was up to a 37.8 and 47% difference in population mean for visual 

control and plant biomass, respectively. 

 Adoption of dicamba alone as a management tool for horseweed control may 

select for tolerant or resistant individuals. The first case of GR horseweed in the U.S. was 

reported following use of glyphosate alone over a three year period (VanGessel 2001). 
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In no-till soybean, GR horseweed in IN developed over a three year period following 

applications of glyphosate alone (Zelya et al. 2004). Horseweed has also been selected 

resistant to other herbicides after repeated use. In Canada, Smisek et al. (1998) 

reported paraquat resistant horseweed developed after repeated exposure over a ten 

year period, where a minimum of four applications per year were made. 

The propensity for horseweed to evolve resistance to dicamba may result from 

genetic variability. Perhaps the widespread development of resistance to glyphosate 

(Heap 2015) suggests horseweed plants are genetically broad. Yuan et al. (2010) 

examined and determined independent evolution centers of origin for resistance had 

occurred four distinct times out of seven resistant biotypes identified. Variability among 

different horseweed populations to glyphosate likely resulted from differences in 

retention and uptake of herbicide compared to susceptible biotypes (Feng et al. 2004). 

Glyphosate resistance is inherited as a dominant trait (Feng et al. 2004) and the progeny 

of a resistant plant exhibited a 3:1 (GR: glyphosate-susceptible (GS)) ratio (Davis et al. 

2010). Horseweed can outcross to adjacent plants (Davis et al. 2010), with pollen 

traveling in excess of 400 m (Huang et al. 2015). Extended pollen travel may assist in the 

spreading of genetics from a resistant to susceptible horseweed population. In this 

research, there are populations and individuals within populations that exhibit less than 

the expected response. This may reflect genetic variability. 

The probability of selection for resistance to dicamba is greater if low rates are 

utilized. In rigid ryegrass (Lolium rigidium Gaud.), Busi and Powles (2009) found 

populations shifted from a relatively susceptible to a resistant population when treated 



 

133 
 

with a sub-lethal dose of glyphosate after only three to four generations. Using 

acetolactate synthase (ALS) and acetyl CoA carboxylase inhibitors (ACCase), Manalil et 

al. (2011) reported the sensitivity of rigid ryegrass populations decreased following 

treatment using sub-lethal doses. The I50 dose increased from 69 to 150 g ai ha-1 of 

diclofop after one generation of selection with sub-lethal doses. The decrease in 

sensitivity was contributed through selection of plants with resistant genes. Results with 

dicamba and horseweed suggest less sensitive individuals exist in many populations 

especially if low rates of dicamba are applied. Repeated applications of dicamba may 

select for plants, resulting in less sensitive populations. 

Evolution of a dicamba-resistant biotype of horseweed would be problematic 

because of the mechanism of seed distribution. Dispersal is facilitated by wind, and seed 

can travel up to 550 km (Shields et al. 2006). Although some seeds can be widely 

disseminated, Regehr and Bazzaz (1979) found 99% of seed were distributed within 6 

meters from the seed source. 

Dicamba efficacy on horseweed is notable (Johnson et al. 2010; Kruger et al. 

2010), but proper rate selection is needed. Lower use rates of dicamba may reveal 

heterogeneous responses and initiate a selection process. Long-term success of the 

dicamba-tolerant crop technology depends upon avoiding practices that resulted in 

selection of horseweed resistance to other herbicide modes of action. 
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Table 4.1. Locations of horseweed populations screened for sensitivity to dicamba. Seed 
was collected across Missouri in the fall of 2014. 

 

 

 

  

 Population County GPS coordinate  

 1 Dunklin 36.08°N, 90.04°W  
  2 Pemiscot 36.39°N, 89.62°W  
 3 Dunklin 36.44°N, 89.97°W  
 4 New Madrid 36.53°N, 89.91°W  
 5 Mississippi 36.78°N, 89.19°W  
 6 Mississippi 36.92°N, 89.43°W  
 7 Cape Girardeau 37.50°N, 89.68°W  
 8 Vernon 37.84°N, 94.30°W  
 9 Vernon 37.91°N, 94.31°W  
 10 Vernon 37.95°N, 94.12°W  
 11 Bates 38.11°N, 94.25°W  
 12 Henry 38.25°N, 93.86°W  
 13 Henry 38.32°N, 93.60°W  
 14 Gasconade 38.69°N, 91.39°W  
 15 Warren 38.69°N, 91.14°W  
 16 Pettis 38.74°N, 93.31°W  
 17 Cass 38.85°N, 94.34°W  
 18 Cass 38.86°N, 94.28°W  
 19 Montgomery 38.89°N, 91.44°W  
 20 Boone 38.96°N, 92.21°W  
 21 Saline 39.08°N, 92.96°W  
 22 Lafayette 39.13°N, 93.53°W  
 23 Audrain 39.18°N, 91.65°W  
 24 Saline 39.20°N, 93.47°W  
 25 Randolph 39.32°N, 92.38°W  
 26 Chariton 39.41°N, 92.86°W  
 27 Randolph 39.43°N, 91.53°W  
 28 Ralls 39.53°N, 91.53°W  
 29 Monroe 39.54°N, 91.99°W  
 30 Carrol 39.61°N, 93.45°W  
 31 Marion 39.81°N, 91.57°W  
 32 Shelby 39.82°N, 92.03°W  
 33 Linn 39.86°N, 93.19°W  
 34 Knox 40.03°N, 92.14°W  
 35 Knox 40.09°N, 92.18°W  
 36 Lewis 40.14°N, 91.57°W  
 37 Sullivan 40.23°N, 93.33°W  
 38 Clark 40.29°N, 91.59°W  
 39 Scotland 40.43°N, 92.19°W  
 40 Scotland 40.52°N, 91.95°W  
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Table 4.2. Response of horseweed to several rates of dicamba. Population 4 and 33 
were selected to determine the I50 (50% visual control or reduced biomass by 50% 
compared to the untreated control). 

 
 
 
 
 
 
 
 
 
 

 

aAll treatments included a non-ionic surfactant at 0.25% v/v. 
bDeionized water was used as the spray carrier. 
  

 Treatmentab Rate (g ae ha-1)  

 Untreated control -  
 Dicamba 35  
 Dicamba 70  
 Dicamba 140  
 Dicamba 210  
 Dicamba 280  
 Dicamba 350  
 Dicamba 420  
 Dicamba 560  
 Dicamba 700  
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Figure 4.1. Pictorial view (Via Map Data © 2015 Google; Mountain View, CA) where seed 
from forty horseweed populations across Missouri were collected in fall 2014. Seedlings 
were screened for sensitivity to dicamba. 
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Figure 4.2. Response of horseweed to varying rates of dicamba. Visual control (0 = no 
control and 100 = complete plant death) was recorded from seedlings of both 
population 4 (A) and 33 (B) at 21 DAT. 
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Figure 4.3. Response of horseweed shoot biomass to varying rates of dicamba. Shoot 
biomass was calculated as the percent of biomass means of the untreated control. Plant 
biomass percent of control was recorded from seedlings of both population 4 (A) and 33 
(B) at 21 DAT. 
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Figure 4.4. Horseweed visual control 21 DAT with 145 g ae ha-1 dicamba. Forty populations were randomly selected across Missouri 
in fall 2014 and seedlings grown under greenhouse conditions. The solid line in the box represents the median and the dotted line 
represents the mean. The boxes represent the 25th and 75th percentile while the whiskers are the 10th and 90th percentile. Outliers 
are represented by individual dots.  
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Figure 4.5. Horseweed shoot biomass 21 days after treatment (DAT) with 145 g ae ha-1 dicamba. Forty populations were randomly 
selected across Missouri in fall 2014 and seedlings grown under greenhouse conditions. The solid line in the box represents the 
median and the dotted line represents the mean. The boxes represent the 25th and 75th percentile while the whiskers are the 10th 
and 90th percentile. Outliers are represented by individual dots. 
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